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BACKSCAT Lidar Simulation Version 4.0:
Technical Documentation and Users Guide

1 INTRODUCTION

The Electro-Optics Measurements Branch of the Optical Environment Division in the
Geovhysics Directorate of the Phillips Laboratory (PL/GPOA) uses many lidar systems to probe
the atmosphere. These lidar svstems typically measure the backscattered rcturn as a way of
studyving aerosol profiles. Some of the lidar svstems have the additional capability of measuring
the Doppler return from azrosols for use in determining wind protfiies. Other lidar systems have
been designed to detect the Raman scattering phenomenon as a way of studying the distributions
of molecular species.

In order to interpre: the data from lidar svstems and to design future hdar systems. it 1s
aseful to simulate the operation of lidar systems with computer codes. Siace 1988, SPARTA,
Inc. has been actively developing a lidar simulation package for the IBM PC environment called
BACKSCAT. The code 1s based on the atmospheric pariiculate models developed at PL/GPOS
and can be used to simulate the backscatter return from lidar systems of different designs,
viewing g :ometnes, and atrnospheric conditions.

1.1 History of BACKSCAT
SPARTA's BACKSCAT hdar simulation package has undergone considerable growth

over the vears. For reterence. the evolutionary nature of BACKSCAT 1s shown in Figure 1.
Version 1.0 was a completelv FORTRAN-based package that incorporated a hmited menu

“Guivens, Jr., N.R., Ratuse. S.E . Hummel. J.R. and Clieifetz. MG (1988) "BACKSCAT Lidar
Backscatter simulatton User's Manval for Version 1.0." Air Force Geophysics Laboratory,
Hanscom AFB. MA, AFGL-TR-88-0351. ADA 219487




interface system. Version 1.0 permitted users to simulate the backscattered lidar return from
model atmospheres and aerosols that have been developed by the Geophysics Directorate.”
Version 2.0 of BACKSCAT' contained a completely redesigned C-basced menu ineriuce system.
Additionally, Version 2.0 permitted users to simulate the backscattered lidar retumn from deser
aerosols and cirrus clouds. plus the capability to simulate the molecular contribution using
radiosonde data. Version 3.0 of BACKSCAT® included two features that provided users with
more flenible Lda simulation capabilities. The first feature allowed users to define the properties
of an aerosol laver by means of size distribution and-index of refraction data. The second feature
allowed users to simulate the backscattered lidar return from a Raman scattering lidar system
which expanded BACKSCAT from just a backscattering lidar simulation package to a more
general purpose lidar simulation package. The purpose of this report is provide technical
documentation and a Users Guide for the latest versior.. BACKSCAT Version 4.0,

1990 Version 1.0
FOHTRAN Based System With
AFGL Aerosol Models as
Built-in Defaults

1991 Version 2.0
- New C-Based Menu System
- Cirrus Clouds and Desen
Aerosois Added

1992 Version 3.0
- Surface Reflections Added
- User-Defined Aerosois
- System Efficiency Considered
- Raman Udars Simulated

1994 Version 4.0

- Sighal-to-Noise Added

- Library of Detectors included

- Coherent Doppler Lidar Simulated

- Water Clouds Included

- Estimates of Motecular Absorption Avallable

Figure 1. Schematic Representation of the Growth of SPARTA's BACKSCAT Lidar Simulation
Package

*Fenn. R.W.. Clough, S.A.. Gallerv. W.0., Good.. RE., Kneizys, F.X.. Mill. J.D.. Rothman,
L.S.. Shettle. E.P.. Volz. F.E. (1985) "Optical and Infrared Properties ot the Atmosphere."
Chap. 18 in Handbook of Geophysics and the Space Environment. A.S. Jursa Scientific
Fditor. Air Force Geophysics Laboratory. Hanscom AFB. MA. AFGL.-TR-85-0315. ADA
167000.

"Hummel. JR.. Longtin. D.R.. Paul. N.L.. and Jones. JR. (1991) "BACKSCAT Lidar
Backscatter Simulation: User's Guide tor Version 2.0." Phillips Laboratory. Hanscom AFB,
Massachusetts, PL-TR-91-2181. 11 Julv. ADA 243949,

*Hummel. J.R.. Longtin, D.R.. DePiero. N.L.. and Grasso. R.J. (1992) "BACKSCAT Lidar
Backscatter Simulation Version 3.0: Technical Documentauon and Users Guide." Phillips
Laboratory, Hanscom AFB. Massachusetts. PL-TR-92-2328. 3 December. ADA 267296.




1.2 Summary of Work Performed for BACKSCAT Version 4.0

BACKSCAT Version 4.0 includes a number of major new technical features. Foremost is
the abiluy io evaluate signal-re-noice rerformance for dirert detection and conerent Doppler lidar
systems. The performance models are based on standard signal-to-noise relationships and
includes all important noise sources. The models permit any detector type and spectral region to
ke considered. As an additioral feature. signal- ~-noise ratios are used to estimate the accuracy of
range and wind speed measurements for the chosen lidar configuration.

The signal-to-noise performance models transform BACKSCAT into a more general
purpose lidar simulation tool. That is. past enhancements to BACKSCAT focused on better ways
to define the state of the atmosphere and how it affected the propagation of the lidar beam.
However. a thorough assessment of lidar performiance must consider the ability of the lidar to
detect the backscattered energy after it passes through the atmosphere. With BACKSCAT
Version 4.0, users now have more flexibility in regards to the type of detector and how well it
responds to the backscattered energy. Thus. BACKSCAT Version 4.0 better serves as a tool for
users who want to design a lidar svstem that explores specific aspects of the atmosphere.

In response to the user community, the second new feature in BACKSCAT Version 4.0 is
the ability to include water clouds in lidar simulations. Although the user-defined aerosol option
in BACKSCAT Version 3.0 can be used to represent water clouds. it requires detailed
information about the cloud particle size distribution that might not be available to some users.
Thus. as an alternate approach. water clouds now can be “clicked on™ automatically as a built-in
cloud mode!.

The third new fzature in BACKSCAT Version 4.0 is an auxiliary package that estimates
the molecular absorpiion profile for a particular lidar waveiength. Although the framework of
BACKSCAT Versions 1.0 through 3.0 provided the means to include molecule absorption in a
simulation. BACKSCAT did not provide a tool to calculate the molecular absorotion. Thus. the
burden of obtaining molecular absorption profiles rested entirely with the user. In BACKSCAT
Version 4.0. the molecular absorption package has been named mabs and generates output that
can be directlv used in a lidar simulation. It must be noted that mabs performs a broad band
calculation. so the package is not intended to be a complete treatment of the niolecular absorption
problem.

The fourth new fearure to BACKSCAT Version 4.0 is a rudimentary installation utility.
This installation utility is included on the BACKSCAT Version 4.0 distribution diskettes and
reduces the amount of user intervention in the initiai BACKSCAT setup.

Another development in BACKSCAT Version 4.0 concerns the computer requirements
for the package. Specifically. the addition of new software has caused BACKSCAT to encroach
on the 640 Kbytes memory barrier imposed by MS-DOS. To overcome this problem. the
“science” portion of the code (backscat.exe) and the user-defined aerosol packagz (usraer.exe)
are now compiled as protected-mode Microsoft FORTRAN programes. The protected-mode
progranis are then executed from the menu interface system by means of the Fhar [ ap 286/DOS-
Ex.ender™. From the viewpoint of the user. this solution to the memory problem does not alter
the flow of execution of BACKSCAT. However. users who wish to recompile the software must
have the Phar Lap 286/DOS-Extender™ Run Time Kit (RTK) and bind it with the protected-
mode programs

‘sd




1.3 Organization of the Report

This report provides technicad documentanon and a Users Guide for BACKSCAT Ve
ston 4.0, Chapter 2 gives detaded informanon about the new teatures in BACKSCAT including
signal-to-nowse pertormance relations tor direct detection and coherent Doppler hdar systems.
descriptions ot five builtin detecters. scienatic background for the water clouds teature. and the
treatment ot molecular absorntion. Sample results for the performance models are given in
Chapter 2. The remaining chapters in this rep ot serve as a Users Guide for BACKSCAT Version
4.0. Chapter 4 gives an overview of BACKSCAT Version 4.0. including 1ts computer
requirements and instructions to install and start the code. Chapter 5 describes how to use many
of the Main Menu options for BACKSCAT Versicn 4.0. Since some of the features in the BACK-
SCAT menu intertace require extensive documentation. they are described 1n separate chapters.
Chapter 6 describes the Main Menu option used to specify a lidar svstem. including new
parameters for the signal-to-noise pertormance models. Chapters 7 and € describe the Main Menu
options used to define the viewing and atmospheric conditions. respectively. Chapter 9 describes
how to define a user-defined aerosol laver and Chapter 10 describes how to use the Radiosonde
Data Entry Program. Currently. the Radicsonde Data Entry Program can be accessed from
BACKSCAT Version 4.0 or used as a standalone program. Note that the options discussed m
Chapter 7 and 9 are unchanged from BACKSCAT Version 3.0. but documentation 1s provided
tor completeness. Finally, Chapter 11 provides a summary and recommendations for future work.
Two appendices are also included. Appendix A describes the data files used by the code and
Appendix B includes instructions on running the ccde in batch mode.

2 TECHNICAL DOCUMENTATION FOR NEW FEATURES

This chapter gives technical documentation for the new features in BACKSCAT
Version 4.0. Instructions to invoke these teatures from the menu intertace are given in the Users
Guide. which begins in Chapter 4. Technical documentation for other BACKSCAT features can
be found the manuals for Versions 2.0 and 3.0,

2.1 Signal-to-Noise Performance Relations for Direct Detection Systems

The signal-to-noise performance relationships for direct detection lidar svstems are
developed below. In the tramework of BACKSCAT Version 4.0, these relationships apply to
aerosol backscatter and Raman lidar systems. As output. a BACKSCAT simulation includes
values of signai-to-noise as a function of range and altitude. For the most part. the signal-to-noise




relatonshipe are taken trom readils avatlable reterences such as Wolte and Zassis, Kingston,
Jelahan. and Skolnik

2.3.1 Assumptiors

The pertoomance model tor direct detection svstems assumes that the signal-to-noise ratio
(SNR 1Y is relatively large. so the hdars de not operate within the photon counting regime. Also. 1t
15 ascumed that the detection system uses o matched filter and that the field-of-view of the
recerver and transmitter are matched. Presently. only pulsed lidar systems are considered. For
reference. Table ! hists the signal and nowse factors that are consicered for direct detection
Syslems.

Table 1. Signal and Noise Factors That Are Considered in the Performance Model for Direct
Detecuon Systems. In BACKSCAT Version 4.0, aerosol backscatter and Raman lidar systems are
direct detection systems

SIGNAL FACTORS NOISE FACTORS
Hardware optical efficiencies Signal photon shot noise
Atmospheric attenuation Background photon shot noise
Aeroscl backscatter Thermal (Johnson) noise
Detector quantum efficiency Detector dark current
Aperture size/obscuration Preamplifier noise
Lidar output power Spatial/spectral/temporal noise suppression
Lidar beam quality Hardware optical efficiencies
Detector quantum efficiency
Detector noise equivalent power (NEP) ana
excess noise figure.

The performance model in BACKSCAT Version 4.9 does not consider flicker noise and
optical trbulence eftects. In general. turbuleace effects can cause a substantial loss in signal and
greatly reduce the effectiveness of any lidar system. These effects on a laser beam. both spatal
and temporal. include beam wander. beam spread. spatial col.erence loss. beam fading/distortion,
and beam break-up.

"Wolfe. W.L. and Zissis. G.J. (eds.) (1978) The Infrared Handbook, Infrared Information and
Analysis Center, ERIM. Washington. D.C.

“ Kingston, R.H. (1978) Detecrion of Optical and Infrared Radianon, Springer-Verlag, New
York.

“Jelahan., AV, (1992) Laser Radar Svstems, Artech House, Boston.

* Skolnik. M.L (ed.) (1970) Radar Handbook, McGraw-Hill. New York,




2.1.2 Governing kquations

The SNR relagons consider all the important nowse terms inhereint to the datection proc-
esses tor photomulopliers (PMT). avaianche phowdiodes (APD) and photovoltaic (PV) long
wave mtrared (LWIR Y detectors. These nowse sources include signal shot noise. background shot
nowse. dark cuitent. Johnson (thermal) noise and other amplifier noise tactors.

The voltage signai-to-noise rauo 1s detined as

SNR =/i; /i . (1)

”

where - is the mean square current due to the return signal and zn is the overall mean square
noise current due to all noise sources. The mean square signal current 1s

ii =GR P 2)

where P. is the received power on the detector due to atmospheric backscatter. R is the detector
cathode responsivity at the lidar wavelength, A. and G is the detector gain. The signal current can
be recast in terms of the detector's quantum efficiency, 1y, as

=Gp, (3)
hv

o

where A is the Planck constant. v is A/c with ¢ being the speed of light. e is the charge of an
electron (1.6 x 107°C). and the cathode responsivity equals

m:%j-, (4)

In Egs. 2 and 3. the recerved power trom a volume of acrosol a distance R away from the lidar is

. Ber,eA
R:RTTT;TR- : .

e e (5)
2 R

where
F 1s the peak power per lidar pulse:
Tr1s the overall transmitter optical efficiency;
T, 18 the one way atmospheric transmission to the aerosol volume location,
Tr 1$ the overall recetver optical efficiency which includes any narrowband filter transmission
and polanizaton losses:
f3 is the backscatter coetficient at the aerosol volume locauon:
7.1 the lidar pulse length:
Ag 18 the receiver collector outer aperture area: and
€ 1s the recerver obscuration etficiency.
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In Eq. 5. the obscuration etficiency equals

D3 |
g=]—-—=. (0)

and the receiver collector outer aperture equals
Ar=mD; /4 (7)

where D, is the receiver diameter and D,,, is the diameter of any obscuration. The effective col-

lection area is equal to €D,. Also note that Eq. 5 assumes the field-of-view (FOV) of the
transmitter and receiver are matched. That is. the laser spot size on target 1s the same size as the
"image” seen on the detector. Thus. the FOV is not required in the lidar SNR equation when there
18 no atmospheric background radiance.

In Eq. 1. the total detection system noise current is

i, = J2eBFG'R(P. + P)+1i", (8)

where F is the detector excess noise tigure. B is the matched filter electronic bandwidth
(B=1/21,), and i is the total detector system noise current fron. all other sources. In Eq. 8. the

total detector svstem noise current can be specified in two ways. First it can be related to the
system noise equivalent power source term

i, = RGBJNEP 9)

where NEP is the system noise equivalent power density. or second

(10)

where 1, is the rms dark current noise, i, is the Johnson (thermal) noise. and i, is other amplifier
noise current terms. The rms dark current noise is expressed in t-rms of e dark current at the
anode. ldcav

i, =.[2¢eFBGI,,. (11)
and the Johnson noise term equals

i, =.[3kT,BI R, . (12)

where R is the load resistor. 7} is the effective load temperature. and £ is the Boltzmann constant.
In Eq. 8. the power. F,. received at the detector focal plane Jdue to background radiance is




P =L ARQ,T,EA,. (13)

where L. 1s the backerouna radiance. AA is the receiver spectral bandpass tilter bandwidth. and

Qg 15 the total instantaneous solid angle of the receiver FOV. In Eq. 13. Qg equals 765 /4
where 8, 1s the tull angle instantaneous FOV of the receiver (and transmitter). Note that the full
angle instantaneous FOV of the receiver must be greater than the diffraction limit of the receiver
optics. 9.

6,20 =-2 (14)

BACKSCAT Version 4.0 1ssues a wamning message in the log file whenever Eq. 14 is not
sanstied.

2.2 Signal-to-Noise Performance Relations for Coherent Doppler Systems

This section gives the signal-to-noise performance relationships tor coherent Doppler lidar
svstems. As with direct detection systems. the signal-to-noise relationships are taken trom readily
available references such as Wolte and Zissis.” Kingston.” Jelalian, and Skolnik.”

2.2.1 Assumptions

In most operational coherent Doppler systems. the local oscillator power can be made
farge enough to provide shot-nose hmited operation of the recetver. This 15 assumed to be the
case n the signal-to-noise pertormance modei in BACKSCAT Version 4.0. The performance
model also assumes unity mixing efficiency of the local oscillator with the atmospheric return. As
with direct detection systems. 1t is assumed that the detection uses a matched filter and that the
tield-ot-view of the receiver and transmitter are matched. Also. turbulence etfects are not
considered 1n this version. In coherent Doppler systems. optical turbulence can cause a severe loss
in detected signal due to wavetront distortion effects on the mixing efficiency and it can also limit
the etfective size of the receiver diameter.

2.2.2 Governing Equations

In coherent Doppler systems. a local oscillator operating at a single frequency. w,,,. is

used as a reference beam o down-convert the amplitude of the incoming signal and phase at the
optical signal frequency. w,. into a low frequency. The combined current due to the local

PR

osculator and incoming signal is

(1) =iy +1 +2.i,, 7, cOS(@, ~ W, )1, (15)




where i,, and /, are the dc currents due to the local oscillator and signal power, respectively. The

intermediate trequency, . . which is much smaller than both the local oscillator and optical signal
tfrequencies. equals the difference between the frequency of the two beams

W, =0, ~W,,. (16)

For coherent Doppler systems, the voltage signal-to-noise 1s defined as

SNR=\iig 11} (17)

n

where 1, is the mean square intermediate trequency current due to the return signal and i; is the

overall mean square noise current due to all noise sources. The mean square intermediate
frequency current is obtained by time averaging the detector current i(¢) in Eq. 15

II\EIG :(2‘/;;)7«—): 12=20,1,. (18)

where averaging over the cosine-squared term introduces the 1/2 factor. The noise term is the
sum of all the possible noise sources

N N S I Y Y Y (19)

" no

where 17 . 7. ;. i;. i, and i; are noise currents due to the local oscillator. the signal.

background. thermal. dark current. and other amplifier noise factors. respectively. The local
oscillator shot-noise is the only new noise term not discussed previously. it equals

i, =2eBFGi,. (20)

n

With suff.cient local oscillator power. only the Johnson noise term might compete with the local
oscillator. Thus, ‘

SNR = \[i5e 1 (1] +1;) 2n

and after substituting Eqgs. 12. 18, and 20

SNR = / 2ol 22)
\ 2¢GFBi,, +(4kT,B/ R, )

or




SNR = - (23)
P 2T,
?de‘ | + —————
L ¢GFR,i,,

Asn Eq. 3. the local oscillator currene can be recast in terms ot the Jocal osciliator power. Py,

i, =G p (24)

With the assumpuon that £, 1s large. the Johnson noise term becomes negligible and the SNR
relation reduces to the shot-noise limit

SNR = |-DE (26)
hvFB

where F equals | for CO, Doppler systems and

,
Pos>te 1 AV @7
R, ¢FG em

For reterence purposes. the quantity in Eq. 27 is always included in BACKSCAT's log file.

2.3 Estimates of Range and Velocity Accuracy

The ability of a lidar to detect an atmospheric retun is fundamentally limited by noise. For
example, the range of an atnospheric return 1s determined by when the received signal crosses a
threshold noise value in the receiver. For coherent Doppler systems. the determination of a
target’s velocity is limited by the ability of the Doppler processor to locate the center frequency of
the received signal spectrum having a signal-to-noise ratio and finite observation tme.

To help users evaluate lidar performance. BACKSCAT Version 4.0 uses the signal-to-
noise ratios to estimate the accuracies of range and velocity measurements for the chosen lidar
configuration. As output, a BACKSCAT simulation includes range accuracies as a funcaon of
range and altitude (velocity accuracies are only included for coherent Doppler systems). In the
framework of BACKSCAT. the term “‘accuracy” only refers to the uncertainty introduced by
finite signal-to-noise ratios and. thus. it is coafined to a system's inherent measurement capability.
(Accuracy should not be confused with the range or velocity resolutior of a lidar. which are fixed




by the pulse duration and refer to the grid spacing for range and velocity measurements by a
lidar.)

2.3.1 Assumptions

Because output from the SNR performance model is used. estimates of range and velocity
accuracy are subject to the assumpuons discussed in Secuons 2.1.1 and 2.2.1. The governing
equations currently assume a rectangular pulse of length ¢,. although this limitatnon can be

relaxed in future versions of BACKSCAT. The estimatiors do not con:ider othei factors that may
limit measurement accuracy. For example. it is assumed that no wind field structure exists within
range bins, either small scale turbulence or large scale wind shear. The lidar is assumed to be
stationary and there are no short-term or long-term pointing errors. Finally. for coherert Doppler
systems. it is assumed that there 1s no frequency jitter in the local oscillator.

2.3.2 Governing Equations

‘The expressions governing range and velocity accuracy are taken from Jelalian® arnd
~ . 9 .
Skelnik.” The range accuracy. Gg. 1s g1ven as

AR ,
G, =~ (28)
R J2SNR

where AR=cr,/2. For coherent Doppler systems. the velocity accuracy 1s derived trom the

trequency accuracy. ¢,. which equals

3 1
G, = ‘j,— —— (29)
! 2 mt, SNR
Using the Doppler relationship
b
f= l}:‘icosy (30)

the conversion factor for velocity sccuracy equals A2 where ¥ 1s the angle between the velocity
vector and the line-ot-sight of the lidar. Thus. the velocity accuracy. Gv. 1s given as

3 a1 31)

O, == - .
2 ‘!m'_ SNR

" Skolnik. M.J. “Theoretucal Accuracy of Radar Measurements.” [RE Transactions on
Aeronauical and Navigarional Electronics.




Note that care must be taken when appiving the reladons for range and velocity accuracy
These relations are pnimarily tor hard target returms and not for targets distnduted within a range
bin iie.. the aerosol) with vanable und/or random motion. or both range and velocity
measurements. there will be amplitude and phase modulation of the retwurn signal. The range
accuracy of an aerosol medmum within a range bin 1s somev-hat misleading and inappropria:e.
Furthermore. the Doppler spectrum o! an aeroscl medium car have 2 very broad spectral
envelope so the velocity accuracy can again be misleadrng.

2.3.3 Comparisons Against Existing Atmospheric Wind Fields

For coherent Doppler simulatons. it 1s useful to compare velocity accuracies for a lidar
configuration against existing atmospheric wind fields. These wind fields are neither used in the
simulagon nor are any wind fields produced by the suimulation. Rather. the wind velocity accuracy
as "measured” by the simulated lidar can be referenced to these wind fields.

In BACKSCAT Version 4.0, atmospheric wind fields can be specitied with radiosonde
data or users car select trom built-in wind fields that are representative ot six model atospheres.
When radiosonde data are used. users can specify an existing radiosende data file or create one
with the Radiosonde Data Entry Program (see Chapter i0). The buit-in wind tield models come
from Kantor and Cole'’ who have tabulated monthly averages of wind fields at various locations
around the world. Table 2 hsts the wind fieids that have been chosen to represent six model
atmospheres. For reference. the built-in wind speeds and directions are shown i Figure 2. It is
important to note that the monthly averages ot the Kantor and Cole data have large variances. so
they should only be used tor “what 1t research studies.

Table 2. Locations and Monthly Averages ot Wind Field Data'" That Have Been Chosen to
Represent the Six Model Aunospieres

[ MODEL LOCATION MONTH
ATMOSPHERE USED USED
Tropical Kwajaiein (9°N.168°E) July
Midlatitude Summer Wallops Island. Virginia (38°N.75°W) July
Midlatitude Winter Wallops Island. Virginia (38°N.75"W) January
Subarciac Summer Fon Churchiil. Manitoba (59°N.94°W) July
Subarctic Winter Fort Churchill. Manitoha (89°N.94°W) January
U'S Standard Wallops Island, Virginia (38°N.75°W) Apnl

Kantor. AJ.. and Cole. AE. (1980} "Wind Distnbuucens and I~erlevel Correlations. Surtace 1o
60 km. " Air Force Geophvsic Laboratory, Hanscom AFB. Massachusetts. AFGL-TR-80-02442,
19 August. ADA 092671).
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During a coherent Doppler lidar simuiation, BACKSCAT converts the existing wind field
to the radial wind speed. V,. at range R along the lidar line-of-sight. Assuming the wind field is
hornizontally vniform and no vertical motion exis:s, the conversion is

V.(R) = V(R)lcosBicosto—¢_(R)) (32)

where 6 and ¢ are the lidar elevation and azimuth angles. respectively. and ¢.(R) and V(R) are the
wind direction and wind speed. respectively. at raage-R. Any ranges above (or below) the limits of
wind field data use the highest (or iowest) values. Note that winds moving towards the lidar are
positive.

2.4 Types of Detectors

BACKSCAT Version 4.0 contains five built-in detectors for use with the SNR
pertormance models. The five detectors have their parameters fixed and they cannot be changed.
Below. the specifications tor the tive detectors are given and their wavelength regions of
operation are provided. Additionally. users can define their own detector in terms of the
parameters given in Section 2.1.2.

2.4.1 Overview

In the visible and UV regions. avalanche photodiodes (APD) and photomultiplier tubes
(PMT) are available as built-in detectors. PMT detectors offer high internal gain and low noise
performance because Johnson. amplifier. and dark current noise sources are usually negligible
when compared to photon shot noise. On the other hand, APD detectors have a much higher
quantum etficiency but poorer gain and noise performance than PMT detectors. The lower gain of
APD detectors dramatically increases the significance of the Johnson and amplifier noise.
However. the higher quantum etficiency of APD detectors ultimately allows photon shot noise to
dominate system performance. even when the etfects of lower gain and noise pertformance are
considered.

In the LWIR region (=10 um). a cooled photovoltaic (PV) HgCdTe detector is available
as a built-in Jdetector. This detector can be selected for CO. coherent Doppler lidar systems and it
offers a relatively high detectivity and quantum etficiency.

2.4.2 APD-Visible Detector

The C30919 APD detector. manutactured by EG&G'. includes an integral preawuplifier
and temperature compensation circuit. EG&G specifies an overall system noise equivalent power
density which includes all dark current. Johnson noise. and amplifier noise terms. The apphcable

" EG&G Electro Optics Inc. (1987) Data Sheet for Photodiode-Preamplifier Module C30919E.
Canada.
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wavelengtl; regime of this detector is approximately 0.45 pym to 1.1 um. Curve fits for the quan-
tum efficizncy and overall system responsivity (R ) are given in Figure 3.

The detector gain. responsivity. and spectral NEP of the built-in APD detector are ob-
taned trom the system responsivity and quantun efficiency curves using

o) -4
NEP = X107 (33)
TR (M)
and
®,=08nh, (34)

where A is the lidar wavelsngudi in microns. The detector excess noise figure, F.is the only

other paramzter that 1s requived for the pertormance of the built-in APD detector. The detector
specifications are given in Table 3.

2.4.3 Visible PMT Detector

To give users a choice of detectors at visible wavelengihs, BACKSCAT Version 4.0 also
offers a visible PMT detector. The detector chosen 1s the Hamamatsu R936 side-on type pho-
tomultiplier tube with a 28 mm diameter.”” The curve fits ot the R636 quantum efficiency and re-
sponsivity are shown in Figure 4. Table 4 licts the tube's specifications.

2.4.4 UV PMT Detector

BACKSCAT Version 4.0 also otfers a PMT that 1s better suit=d tor the UV region (i.e.,
the Raman scattering regime). The UV detector chosen is the Hamrsmawsu R375 head-on type
PMTI2 with a 51 mm base diameter. The curve fits of the R375 quantum etficiency and respon-
stvity are shown in Figure 5. Tuble 5 lists the tube's specifications.

2.4.5 SWIR Optimized APD Dewector

EG&G also makes a version of their visible APD that 1s optimized to operate in the SWIR
(=1 um) by "dimpling” the silicon detector's surtace. " 1t 18 assumed that this detector 1s only used
within a very narrow spectral region so all purameters are constant. The speciticatons tor this
detector are given in Table 6.

~ Hamamatsa. Inc. . 1989) Photomulupher Tubes Catalog. Hamamatsu Photonics K K., Electron
Tube Division.
Y Polansky. C. (1991 Private Communicatuon. EG&G Elecro Optics, Inc.
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Figure 3. Quantum Efficiency and System Responsivity for the Built-In C30919 APD Detector

Table 3. Specificatuons tor the Built-In C30919 APD Detector

PARAMETER UNITS SPECIFICATION
Spectral response range Lm 0.40-1.10

Spectral response range {curve fit) pm 0.45-1.10

Quantum efficicncv. N () 0.84 @ A=().85 um
Cathode responsivity, ‘R AW 0.58 @ A=0.85 um
Total system gain. G (-) 36000 @ A=0.85 um
Total system responsivity, St MV/W 1.0 @ A=0.85 um
System spectral NEP. NEP wsJHz 2% 10714 @ A=0.85 um
Excess noise tiguie (measured). F (-) 3.0

Active detector diameter mm 0.8

Operating temperature range C -40 to 70

Output rise time ns <10
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Figure 4. Quantum Efficiency and System Responsivity for the Built-In Visible PMTs (R636)
Detecter

Table 4. Specificanons tor the Built-In Visible PMT (R636) Detector

PARAMETER UNITS SPECIFICATION
Spectral response range pm 0.185-0.93
Spectral response range (curve {it) Lm 0.185 - 0.90
Quartum efficiency, n (-) 0.088 @ A=0.85 um
Cathode responsivity, R mnA/W 60.0 @ A=0.85 um
Total system gain, G (-) 1.8 x 107

Anode dark current. [ namp 0.10

Excess noise figure, F (-) 1.20

Load resistor, R, ohm 50.0

Effective load temperature. 7, K 300.0

Other amplifier noise current. £, namp 0.0
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Table 5. Specifications for the Built-In UV PMT (R375) Detecter

PARAMETER UNITS SPECIFICATION
Spectral response range Lm 0.16 - 0.85
Spectral response range (curve fit) [m 0.16 - 0.70
Quantum efficiency. n -) 0.19 @ A=0.40 um
Cathode responsivity, R mA/W A2 @ A=0.40 pm
Total system gain. G - 6.7 x 107

Anode dark current, [, namp 5.0

Excess noise figure, F {~) 1.2

Load resistor. R, ohm 50.0

Effective load temperature. 7, K 300.0

Other amplifier noise current. i, namp 0.0




Table 6. Specifications for the Built-In "Dimpled” APD Detector

PARAMETER UNITS SPECIFICATION
Spectral response range (cutve fit) um 1.04 - 1.06
Quantum efficiency. 1 (-) 0.40
Cathode responsivity. R AW 0.51

Total system gain. G -) 30000
Total system responsivity. R MV/W 0.5
System speciral NEP. NEP W/ Hz 4x 10714
Excess noise figure. F (-) 3.0

Active detector diameter mm 0.8
Operating temperature range C -40 to 70
CGutput rise time ns <10

2.4.6 LWIR Detector

For coherent Doppler lidars operating in the LWIR region (=10 um) a cooled HgCdTe
photovoltaic detector” is available as a built-in detector. D* equals 5 x 1010 cm v/Hz /W within a
30° FOV at 100K and an assumed size of (.5 mm. The specitications for this detector are given in
Table 7.

Table 7. Specifications for the Built-In LWIR HgCdTe Dztector

PARAMETER UNITS SPECIFICATION
Spectral response range (curve rit) pm 9-1i

Quantum efticiency. 1y (-) 0.40

Specific detectivity, D * cm~/Hz /W 5x 1010

System spectral NEP. NEP w/Hz 10712

Total system gamn. G {-) 1.0

Excess noise figure. & (-) 1.0

Active area mm > (.25
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2.4.7 Other Detector:

BACKSCAT Version 4.0 is able to accommodate any detector that users wish to supply
to the program. Depending on how the detector is described. there are four or seven required
inputs. These puts are essentally the sume parameters that are used by the built-in detectors,
including the detector quantum etficiency. gan. and excess noise tigure. Additonally. users must
specity either the spectral NEP or four other noise parameters including the 1) anode dark
current. 2) load resistor, 2) ettective load temperature. and 4) all other amplifier noise currents.

2.5 Addition of Water Clouds

A new teature in BACKSCAT Version 4.0 1s the ability 1o include water clouds in a hiar
simulation. Although the exisung user-defined aerosol option can be used to represent a water
cloud. this izw teature allows users to “chick on” a water cloud as 2 built-in model in the
Amosphenc Conditions Submenu. Technical documertation tor the water cloud featurs 1s given
in the tolloving sections. A descripzion of how to access water clouds in BACKSCAT's menu
intertace is given in Secuon 5.-1.3.5.

2.5.1 Physical and Optical Properties of Water Clouds in BACKSCAT Version 4.0

The five tvpes of water ¢louds in BACKSCAT Version -L.0 are cumulus. altostratus,
stratus. stratocumulus. and nmimbostratus. To describe the properties of the cloud laver. users
specity the cloud type. base alutude. cloud thickness. and the extincuon coetficient at 0.55 pm.
The units and limits for the input parameters are given in Table 8. Table 9 shows detault vaiues
for each type of water cloud. In Tuble 9. the cloud bases and thicknesses are consistent with those
in LOWTRANT7." The extinction coetficients and corresponding number densiues are taken from
Shettle."*

Duning o BACKSCAT simulanon. the cloud extinction. scattering. and absorption
coetficients at the lidar wavelength are obtained by means of wavelength scaling factors from
LOWTRANT7 for each water cloud tvpe. For reterence. Figure 6 shows cloud extinction
coefficients as a tunction Hf wavelength for the five water clouds. As required tor cloud
backscattering coefficients. ioud backscattenng phase functions in BACKSCAT were calculated
using the Henvey-Greenstein relationship. which 1s consistent with the approach used by
LOWTRANT7. Users should note that the Henyey-Greenstein phase function relatonship 1s an

“ Kneizys. F.X.. Shettle, E.P.. Abreu. L.W., Chetwynd. J.H.. Anderson. G.P.. Gallerv. W.O.,
Selby. J.E.A. and Clough. S.A. (1988) Users Guide to LOWTRAN7. Air Force Geophysics
Laboratory. Hanscom AFB. MA. AFGL-TR-85-0177. (ADAZ06773).

" Sheule. E.P. (1989) "Models of Acrosols. Clouds. and Precipitation for Atmospheric
Propagation Studies.” Proceedings ot the AGARD 45th Sympostum of the Electromagnetic
Wave Propagation Panel on Arnospheric Propagation in the UV, Visible, IR, and mm-Wave
Region and Related Svstems Aspects. Copenhagen. Denmark. 9-13 October 1989.
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approximauon and it fails to predict unique anguiar scattering fc atures. such as the glory
phenomenon in the backscattering direction.

When a water cloud is used in a BACKSCAT simulation. the altitudes of the cloud base
and top are miserted intc the height grid that describes the aerosol .nd molecular protiles. After
calculaung background aerosol properties tor the cloud base and top. BACKSCAT adds the
cioge! attenuation coefticients to the background aerosol coefficients tor every altitude within the
cloud layer. Note that BACKSCAT assumes the attenuation and backscattering properties of
water clouds to be constant throughout the cloud layer. This modeling approach differs slightly
from that used by LOWTRAN7 which adopts "transition zones" at the cloud base and top.

Table &. Units and Limits of {nput Parameters tor Water Clouds. BACKSCAT's menu intertace
issues warning messages when users specify values that are out of bounds

INPUT
PARAMETEK UNITS LIMITS/CHOICES
Cloud Type Cumulus
Altostratus
Stratus
Stratocumulus
Nimbostratus
Base Altitude km 0.0 €zhae S 100 &
< Height of Troposphere
Cloud Thickness km 0.0<Az<10.0
Extinction Coefticient at (.55 um km- ! Bayy 2 0.0

Table 9 Default Properties of Water Clouds in BACKSCAT Version 4.0. Constant cloud
extinction 1s assumed throughout the cloud layer. In BACKSCAT's menu interface. users can
override the cloud type, base altitude. cloud thickness. and extinction coefficient at .55 pum. The
corresponding particle number densities are shown for reterence purposes

BASE CLOUD EXTINCTION NUMBER
CLOUD ALTITUDE THICKNESS AT 0.55 um DENSITY
| TYPE (km) (km) (km-1) (cm-3)

Cumulus .66 2.34 130.8 250
Altostratus 2.40 0.60 91.04 400
Stratus ().33 .67 55.18 250
Stratocumulus () 66 1.34 35.65 250
Nimbostratus 0.16 {).50 §7.08 200
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Figure 6. Extinction Coefticient as a Function of Wavelength for Five Water Clouds in
BACKSCAT Version 4.0. The curves are normalized according to the default extinction

coefficient at 0.55 um (see Table 9)

2.5.2 Integration Scheme Near the Cloud Boundaries

Users who compare lidar simulatons with and without clouds may notice slight
differences in the optcal depths and lidar returns before the beam encounters the nearest cloud
boundary. especially when the cloud top and base do not fall on a height grid point for the aerosol
and molecular protiles. These differences are due to the treatment of the background aerosol
when lidar returns are evaluated along the lidar integration grid. (Recall that lidar returns are
evaluated at range increments defined by the lidar pulse duration, plus they are evaluated at the
boundaries of water clouds. cirrus clouds. and user-defined aerosol layers.) To help explain this,
Figure 7 shows the general integration scheme for an arbitrary cloud layer. When no cloud is
included. the assumed aerosol extinction is calculated by means of linear interpolation on the
background aerosol grid (i.e.. the "*" points). When a cloud is included. however, linear
interpolation is not appropriate between background aerosol grid points and cloud boundaries
because the cloud boundaries mark sharp changes in the aerosol extinction. Thus for range bins
between a cloud boundary and the next background aerosol grid point (outside the cloud), the
assumed aerosol extinction equals the next background aerosol gnd point.
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Figure . Assumed Aerosol Extinction in BACCKSCAT Version 4.0 When an Arbitrary C' xd
Layer Is Included in a Lidar Simulation. In this case, a ground-based lidar is looking
straightupward. Lidar returns are calcuiated along the integration grid, plus they are caiculated at
the cloud base and top. The cloud layer extincton decreases slightly because it equals tiie
(constant) cloud extinction plus the (smaller) background aerosol extinction which decreases
slightly with altitude

2.6 Treatment of Molecular Absorption

Most laser lines are affected by mclecular abscrptiop to some extent somewhere in the
atmosphere. To aid users in their lidar simulation studies, BACKSCAT Version 4.0 contains an
auxiliary package named mabs that esimates molecular absorption as a function of altitude for a
particular wavelength. Users can instruct mabs to calculate molecuiar absorption for a model
atmosphere or a user-defined aumosphere. The results from mabs are molecular absorption
coefficients that correspond to 1 km horizoutal (constant pressure) paths at incremental altitudes.
The output file from mabs is formatted such that it can be directly used in BACKSCAT
simulatior.s. Examples of the input and output files for mabs are described in Appendix A.

The mabs package was derived from LOWTRAN7'* which has a fixed spectral resolution
of 20 cm~1. To be consistent with the finest spectral grid in LOWTRAN?, the output from mabs
corresponds to the frequency given by the rearest integer multiple of 5 cm- 1. Although
MODTRAN"® would have provided more accurate estimates of molecular absorption. it would
have demanded higher storage requirements and limited the portability of rthe full BACKSCAT
package. To reduce the executable size, the standard LOWTRAN7 molecular absorption

' Berk, A., Bernstemn. L.S.. and Robertson. D.C. (1989) MODTRAN: A Moderate Resolution
Model for LOWTRAN?. Air Force Geophysics Laboratory, Hanscom AFB, MA, AFGL-TR-
89-0122. (ADA214337).
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parameters now reside in an external data tile named molecule.abs which is included with the
mabs package.

Since it is based on LOWTPRANT. users must recognize the limitations of mabs and
interprert its results only as estimates of the true moleculdr absorption. In many cases. for example.
the spectral resolution of mabs output will not match the lidar’s spectral resolution. To
demonstrate this, Figure § shows the wavelength resolution that corresponds to a fixed
wavenumber resolution of 20 cm~!. The wavelength and wavenumber resowution are relate | as

AA=-AVvA? (35)

where A and v are wavelength and wavenumber respectively. Figure 8 indicates that for
wavelengths beyond 10 um. the spectral resolution of mabs exceeds that of most lidars. Thus.
mabs does not account for many absorption lines beyond 10 pm. although it will predicr the mam
absorption features and trends. For more accurate predictions of molecular absorption. users must
resort to computer programs that pertorm line-by-line calculations. such as FASCODE.”

10 °*

Wavelength Resolution (um)

. i 1
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1
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Figure 8. Wavelength Resolution for a Fixed Wavenumber Resolution of 20 cm-

" Clough. S.A.. Kneizys. F.X.. Shettle. E.P.. and Anderson. G.P. (1986) "Atmosphec Radiance
and Transmittance: FASCODE 2", Proc. of the Sixth Conference on Atmospheric Radianon,
Williamsburg, VA. American Meteorological Society, Boston. MA. 141-144.
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3 SAMPLE APPLICATIONS OF THE SNR PERFORMANCE MODELS

This chapter gives sample results from the SNR performance models in BACKSCAT
Version 4.0). First. the pertormance ot an APD detector is compared against a PMT-VIS (R636)
detector using the relations for «iv aerosol backscatter (i.e.. direct detection) system. Second,
sampie results are given for a COs coherent Doppler system.

3.1 Comparison of APD and PMT-VIS (R636) Detectors

3.1.1 Simuiation Conditions

In this scenario for an aerosol backscatter system. the lidar system parameters and viewing
conditions are representative of a typical lidar scenario. The lidar is ground-based and directed
20° off the honzon. Nighttime operation is assumed, so the background radiance is set to zero.
The transmitter has a 90% optical efficiency and makes use of a 0.85 pum pulsed laser diode
having 100 mJ per puisz and a pulse length of 70 ns. The receiver has an optical efficiency of 80%
and a field-of-view of 300 prad. The outer aperture of the transmitter/receiver system has a
diameter ot S0 cm with no obscuration.

The default ammospheric conditions in BACKSCAT Version 4.0 are used ror this study.
Specifically. the molecular protile corresponds to the tropical model atmosphere. In the boundary
layer. the aerosol type is rural. the surtace visibility 1s 23 km, and the surface relative humidity is
70%. Above the boundary layer. the fall/winter aerosol profiles are used and the background
stratospheric aerosol types is adopted. Clear skies are assumed. For reference, the total (aerosol
plus molerular) extinction and backscatter coefficients at 0.85 pm are shown in Figurz 9.

3.1.2 Results

Siznzl-to-noise ratios with the APD and PMT-VIS (R636) detectors are shown in
Figure 10. Figure 10 indicates that the APD detector is better able to detect the aerosols because
its quantura efficiency is an order of magnitude greater than the PMT detector (see Tables 3
and 5) and its amplifier noise sources are relatively small. Thus. the APD derector gives greater
detecticn capability at this wavelengti and power. Because signal-to-noise ratios are higher wnh
the APD detector, the ability to locate acrosol features 1s also better. For the current viewing
scenario. Figure 11 indicates that range inaccuracies for the PMT detector are excessively large at
ranges beyond 10 km. but they remain acceptable for the APD detector vystem. Note that the
range 1esolution of the lidar system 1s about 10.5 m.
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Systems

3.2 Airborne Coherent Doppler System
3.2.1 Simulation Conditions

In this simulaton tor a coherent Doppier system. an airborne lidar is situated at 15 km and
directed 20° below horizontal. For wind field considerations. the lidar azimuth is 270° (i.e., facing
due west). Nightume operauon is assumed, so the background radiance is set to zero. The
transmitter has a 90% opucal efficiency and makes use of a 10.6 um CO; pulsed laser diode
having 1 J per pulse with a pulse length of 70 ns. The receiver has an optical efficiency of 80%
and a field-of-view of 300 prad. The outer aperture of the transmitter/receiver colinear system has
a diameter of 50 cm with no obscuration. Finally, the built-in HgCdTe photovoltaic detector is
used in the simulation.

In this simulation. the state of the aunosphere is characterized by Subarctic winter
conditions. The built-in wind field profile for Subarctic winter conditions provides large radial
components for the wind field because the wind is strong and from the west-northwest. Below
(5 km. molecular scattering conaibutions are generally small at 10.6 Lim. Other atmospheric
parameters are set to the default values.
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3.2.2 Results

Signal-to-noise ratios as a function of altitude and range are shown in Figure 12. The
signal-to-noise ratios decrease initallv. but then increase as the lidar beam encounters more
aerosol in the lower atmosphere. Figure 13 shows the range accuracy as a function of range and
alutude. The systems’s range resolution equals 10.5 m. Figure 14 shows the wind speed accuracy
and wind speed along the lidar line-of-sight. Note that the wind speed accuracy has nothing to do
with the actual wind field and the wind speed resolution of the system equals 75.7 m/s. For this
scenario. Figure 14 indicates that even though winds are stronger in the middle atmosphere. more
accurate measurements of wind speeds are nearer the ground where the signal-to-noise 1s larger.
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Figure 12. Signal-to-Noise Ratios Versus Range and Altitude for an Airborne Coherent Doppler
System
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4 OVERVIEW OF THE BACKSCAT VERSION 4.0 SOFTWARE

BACKSCAT Version 4.0 is wrtten in C and FORTRAN 77. The menu interface system
uses Microsoft™ C Version 6.0 and GreenLeat™ DataWindows Version 3.0 to create the data
entry menus and to view the results of a simulation. The menu interface system can be used with
or without a mouse. The “science” portions of the code use Microsoft™ FORTRAN 77
Version 5.1 and are compiled as protected-mode programs because new features have caused
BACKSCAT to encroach on the 640) Kbyte memory barrier imposed by MS-DOS. To execute the
protected-mode programs from the menu intertace sysiem. they have been binded with the Phar
Lap 286/DOS-Extender™ Run Time Kit (RTK). From the viewpoint ot the user. this solution to
the memory probizm does not alter the flow ot execution of BACKSCAT. However. users who
wish to recompile backscar.exe or usraer.exe must have the Phar Lap 286/DOS-Extender™ Run
Time Kit (RTK) and bind it with the protected-mode programs.

Although BACKSCAT Version 4.0 1s designed to run on an IBM PC. the scientfic
portions of the code are not IBM PC-specific. This portion of the code can be run without the
menu intertface system provided the user inputs the required files. This feature allcws the science
portion ot the code to be run on other computer platforms or in barch mode.

4.1 Computer Requirements

The executable. scurce. and data ftiles tor BACKSCAT Version 4.0 occupy about
2.85 Mbytes A hard disk is recommended. but the code can be run without one. BACKSCAT
can be used with etther color or monochrome displays. and on systerns with or without a tloaung
point processor.

BACKSCAT Version 4.0 has been tested on both 386 and 486 PCs. In these tests. the
available RAM was ubout 530 Kbvies and 500 Kbytes, respectively. tor the 386 and 486
machines. If probiems arise. such as the computer “lockiing up”. che-k the amount of available
RAM. Try to remove any memory resident resident programs that are not absolutely needed.

BACKSCAT Version 4.0 should be run without entering MS Windows (i.¢.. boot-up to
the DOS prompt and then run BACK.SCAT.) The code might run under a MS Windows DOS
window with the excep.on of its griphics routines. but this has not been tested and not
recommended. Addiuonally, the graphics routines may not execute normally if they are used after
a MS Windows session. If this problem cccurs. it is recommended that the user reboot the
computer and try running BACKSCAT agun.

4.2 Installing the Program

‘There are three distributon diskettes tor BACKSCAT Version 4.0, The diskettes have
three subdirectories. duta. exec, and source. which contain the daia files required to run the code.
the executable files. and the source codc. respecuvely. The first diskette also contains rewdre and
updates tiles which describes the contents of the diskettes in more detatl.

The simplest way to install BACKSCAT Version 4.0 1s to use the three rudimentary
mstallagon senpts that accompany the package. The ftirst inswallation script sets up the




BACKSCAT executabic directory and files, while the second <ets up the data and source
chrectories and files. The third installation script installs the stand-alone program mabs.

To install BACKSCAT in the default directory location (c:\bscat). insert distribution
disk I into a floppy disk drive. Type b: (or a-) and press RETURN. Then type irstalll and press
RETURN. After disk 1 is installed. insert distribution disk 2 into the same floppy disk drive. type
install2. and press RETURN. After disk 2 is installed. inseri distributior disk 3 into the same
floppy disk drive. type install3. and press RETURN. Each installation script allows the user to
quit the installation at the start.

To nstall BACKSCAT Version 4.0 in a directory location other than the detault (for
example. ¢-\bscarv4_0), insert distribution disk 1 into a floppy disk drive. Type &. (or a:) and
press RETURN. Then type installl c:\bscarv4_0 and press RETURN. After disk 1 is installed,
insert distribution disk 2 into the same floppyv disk drive. type installZ c:\bscarv4_0, and press
RETURN. After disk 2 is installed. insert discribution disk 3 into the same floppy disk drive, type
install3 c:\bscarvd_0), and press RETURN. To account for a non-default directory location,
modifications are automatically made to the batch file back.bat which runs BACKSCAT’s menu
interface system. Note that when a root installation location directory is more than one level deep
(for example. c\evell\evel2\bscat), all the directories in the hierarchy (c:\level/ and
o \NevelINlevel2) must exist betore 1nstallation.

In addition to starting the menu intertace systzm for BACKSCAT Version 4.0. the batch
file back.bar sets up environment variables that define the paths to BACKSCAT data files and
executable code. Aa example back.bat tile is stown i Figure 15. When the rudimentary
installatior scripts are used 0 instali BACKSCAT, they automatically make the appropriate
changes 0 back.bar. However. if the BACKSCAT direciories are moved from the installarion
directory location, back.bat must be changed so it defines whe appropriate installation paths. Use 2
scandard text editor to set the environment variable “BSCATEXE” to the f.ll path where the
executable files reside and to set the environment variable “BSCATDATA” to the full path where
the data files reside. Note that both path names must end with 2 irailing *\". Save the changes to
the batch file back.at and piace the batch file within the current search path.

echc off

set BSCATEXE=C:\BSCAT\EXEC\
set BSCATDATA=C\BSCAT\DATA\
7 BSCATEXE %backrenu

Figure 15. Sample Batch File. back.bat. Used to Execute BACKSCAT Version 4.0

Table 10 lists the files that are required to run BACKSCAT Version 4.0. Nete that the file
modern.fon must be in the user's current directory The exec subdirectory oxa the distribution
diskettes also contains bscarv4. * files which are a sei.=s of data files containing sample input and

output data.




Table 10. Files Required to Use BACKSCAT Version 4.0. The code makes use of other tiles. but
they are optional, see Appendix A

FILENAME DESCRIPTION
Batch Files

back.bat Executes BACKSCAT via the menu interface system
Program Files

backmenu.exe Menu interface system

quikview.exe “Quick View" graphics program

radic.cxe Radiosonde data entry program

runfile.exe Intertace between menus and scientitic programs

usraer.exe User-defined aerosol layer program (protected-mode)

backscat.exe Lidar backscatter solution program (protected-mode)

maobs.exe Auxiliary program for molecular absorption

mabs.in Sample input tile for the molecular absorption package
Data files

standard.scl Butlt-in aerosol extinction protiles

maodels.aer Wavelength scaling factors for built-in aerosols/clouds

mnodels.ram Built-in constituent profiles for Raman molecules

models.wnd Built-in wind protiles

indexof.ref Refractive indices for six buiit-in aerosols

molecule.abs Database of molecular absorption parameters
Miscellaneous Files

maodern.fon Font tile required for graphics

4.3 Starting the Program

To start BACKSCAT Version 4.0. users execute the batch file back.bat by simply typing
back at the main comrnand prompt and hitting RETURN. (The batch file back.bar must be in the
search path or in the current directory.) Figure 16 shows the ininal screen that 1s displayed when
entering BACKSCAT Version 4.0. To proceed. hit RETURN. (Note that the terms RETURN
and ENTER are used 1aterchangeably throughout this report.)

4.4 Selecting the Type of Lidar Simulation

Figure 17 shows the mitial menu to prompt users to select the type of lidar system to be
simulated. Users can select an Aerosol Backscatter. Raman, or Coherent Doppler Lidar System.
To select a hidar system, use the up and down cursor contrel keys or a mouse to move the
highlighted area to the desired system and press RETURN. or type the highlighted letter for the
desired systern twice. Once a hdar system 1s selected. users automatically proceed to the Main
Menu of BACKECAT Version 4.00.




BACKSCAY -— LIDAR Backscatter Progrem
Version 4.8

Deweloped For:
FPhillips Laboratory (AFMC)
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617) 3773818
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By:
SPARTA., Inc., Lexington, WA

Figure 16. Initial Menu Wnen Entering BACKSCAT Version 4.0

. chkséatter Sgstem L
Iilﬂmem Systen . Ty
pherent Doppler Sgstem

AL RETURN to select. ESC to EXIT. '
Flgure 17. BACKSCAT Menu for Selecting the Type of Lxdar Sunulauon




5 MAIN MENU OF BACKSCAT VERSION 4.0

Figure 18 shows the Main Menu of BACKSCAT Version 4.0. In this case, the Main Menu
shows the default conditions for an aerosol backscatter lidar system. The top half of the Main
Menu displays general information about the current simulation and the bottom half is a list of
options from which the user can perform different BACKSCAT operations. The user cannot
move the cursor to the top portion of the Main Menu. Rather, the display automatically changes
when the user performs operations in the bottom half of the Main Menu.

] F: ‘AT — Aerosol Backscatter System e
| FILES TO BE USED:
|| Configuration Conditions: Holecular Absorption Data: (NONE)
Lidar Systex Parameters: Atnospheric Model Parameters:
Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAUNT User-Def ined Rerosol:
Output Data File: DEFRULT Detector Paramcters:

ATMOSPHERIC COMDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atrosphere
User-Det ined Aeroeol Layer Added: MO

. Change ‘Files'tp be Uséd - w M
:Define Jidar System Paraneters
- Define Uiewing Sonditions
‘Def ine [tmospheric Conditiops
" Zave Configuration Conditions -
. LumyCalculations ' . . ‘
o Liew Results.. . o
B ¢.3.mg=_L«;§lu'Sg§ten S
- E/IT Program = -~

A,¥, RETURN execute, ESU tc Previous Menu.
Figurc 18. BACKSCAT Main Menu for an Aerosol Backscatter Lidar System

The information in the top portion of the Main Menu can be subdivided into three parts:
(1) the type of lidar system. (2) file names to be accessed, and ( 3) a summary of the ammospheric
conditions. The type of lidar system is always shown on the top line of the Main Menu. The file
names to be accessed in the current simulation are displayed in two columns. Appendix A gives a
detailed description of the file contents. Appendix A also lists the default data files supplied with
the code.

The box in the bottom portion of the Main Menu lists the available BACKSCAT options.
To select an option. use the up and down cursor control keys or a mouse to move the highlighted
area to the desired option and press RETURN, or type the highlighted letter for the desired option
twice. Figure 19 outlines the parameters that are specified within each Main Menu option. The
remainder of this chapter gives a Users Guide tor many of the Main Menu options. Some options
are more mvolved and addressed separately in subsequent chapters.
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BACKSCAT VERSION 4.0
MENU INTERFACE SYSTEM

'~ CHANGE RLES TO BE USED - SAVE CONFIGURATION CONDITIONS |
.- Configurztion File ? :
- Qutput Log and Data Files BE

- - Molecular Absorption File

"'6'éﬁﬁ'é""|;’j’6i{ﬁ"§\? e | T P e

- Pulse Wavelength, Energy, and Duration* |
- System Optical Efficiencies

- Detector Type
i DEFINE VIEWING CONDITIONS 5 VIEW RESULTS
.- Lidar Height : - Backscattered Return
Viewing Elevation and Azimuth Angles | - Signal-to-Noise
- Output Grid for Simulation Results
DEF]NEATMOSPHERICCONDmONS e B
.- Aerosol, Molecular, and Wind Profiles | ' - Aerosol Backscatter
i - Cloud Properties - Raman Scattering
;- Raman Molecule i - Coherent Doppier

Figure 19. Schematic Representatior of the Options 11 BACKSCAT’s Menu Interface System

5.1 Changing the Files to be Used in a Simulation

To select this option. use the up and down cursor control keys or a mouse to move the
highlighted area to the line "Change Files to be Used" and press RETURN, or type the letter "F"
twice. A "popup” submenu will apgzar. as shown in Figure 20, which lists the files that can be
changed. To change the names of one of the listed files, move the highlighted area to the desired
choice and hit RETURN. To exit this option without making a change, hit the ESC key. Note that
this submenu does not list the filenames for the lidar system and detector parameters, viewing
conditions, atmospheric model parameters, propagaiion. molecular profile, and user-defined
aerosol layer. These files are changed from the Main Menu options "Define Lidar System
Parameters", "Define Viewing Conditions" or "Define Atmospheric Conditions".
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BACKSCAT -- Aerosol Backscatter System
FILES TO BE USED:
Conf iguration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:
Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Def ined Aerosol:
Output Data File: DEFAUL?T Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL eAtmosphere
User-Def ined Aerosol Layer Added: NO

Change Files to be Used |
Def ine Lidar System Parameters

De
De Change Configuration File

Sa Change Output Log File

Ru Change Output Data File

Vi Change Molecular Absorption File
Se
EXIT Program

4,¥, RETURN to execute, ESC to Previous Menu.
Figure 20. BACKSCAT Submenu For Changing the File Names in a Simulation

5.1.1 Changing the Configuration File

BACKSCAT allows the user to save all information about a given simulation in a file
called the configuration file. The configuraticn file contains the file names for lidar system and
detector parameters, viewing conditions and atmospheric model parameters. plus information that
describes the overall sumulation conditions including the file names for (optional) molecular
absorption data, simulation log output. and tabular form of the output for the simulation data.
Configuranon files are given the detault extension. .cfg. A configuration file 1s not required to run
BACKSCAT. but it is useful if the user is performing similar types of simulations very often.

To enter or change a configuration file name from the submenu in Figure 20, move the
highlighted area to the "Change Configuration File" line and press RETURN, or type the letter
"C" twice. BACKSCAT then displays a "popup” submenu that lists the configuration file names in
the current working directory. Fizure 21 shows an example of the "popup" submenu for changing
the configuration file name. To select a configuraton file. move the highlighted area to the desired
filename and hit RETURN. To exit the "popup” submenu and not select a new configuration file,
hit the ESC key. If no files cxist in the current directory with the .cfg extension, BACKSCAT

alerts the user with a warning message as noted in Figure 22. The user is then returned to the
Main Menu.
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Br.CKSCAT -~ Aerosol Backscatter System

FILES TO BE USED:
Conf iguration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:
Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Def ined ARerosol:
Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Def ined Aero

Select File:
TEST .CFG
DEFAULT .CFG
SNR .CFG

A,¥, RETURN to select file, ESC to abort.
Figure 21. BACKSCAT Submenu for Selecting a Configuration: File Name

TBACKSCAT -- Rerosol Backscatter System
FILES TO BE USED:

Conf iguration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:
Viewing Condit ons: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT Usar-Def ined Aerosocl:
Output Data File: DEFAULT Betector Parameters:

ATMUOPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User—Def ined Aerouscl Layer Added: NO

No files exist with the extension ’.CFG’
Press ANY KEY to continue

4,v, RETURN to select fxle, ESC to abort.
Flgure 22. Warning Message Dlsplaycd by BACKSCAT if No Conﬁguratlon Files Exist in thc
Current Working Directory
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5.1.2 Change Output Log File

BACKSCAT keeps a detailed log of the calculations being made and writes this
information to a log file. This file lists «il of the input parameters for the simulation. components
of the propagation profile, and output from the iidar simulation. The default name of the log file is
default and the default extension is ./og. An example of 4 log file is given in Appendix A.

To change the name of the output log file. move the highlighted area on the submenu n
Figure 20 to the "Change Output Log File" line and press RETURN. or type the letter "L" twice.
The code provides a "popup” submenu in which the user can enter the output log file name. as
shown in Figure 23. Type in a name of eight characters or less and hit RETURN. (The extension
in brackets is not typed by the user. but it is supplied internally by the code.) Note that
BACKSCAT does not check to see if the name is already in use.

:BACKSCAT —— Aercsol haﬁkscatter'Sgsten'
l FILES T0 BE USED:

Conf iguration Conditions: Molecular Absoarption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameiers:
Viewing Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User—-Def ined Aerosol:
OQutput Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile {rom: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROFPICAL Atmosphere
User—-Def ined Aerosol Layer Added: NO

ﬂFile Name Entry
i

oy, Output Filg [.LOGI: _ " "'"}“-'T{vﬂ L
i \(Default: DEFRULT LOC)" SO . o

¥

i =

Enter Filename for Current Simalation

Flgure 23. BACKSCAT Submenu for Entering an Output Log File Namc

5.1.3 Change Output Data File

The output data file contains the results for the current BACKSCAT simulation. It is
similar to the log file output except it does not contain the input parameters and information abcut
the propagation profile. The results are provided in a tabular form for use with off-line analysis
and graphics programs. Depending on the type of lidar system, the output data file consists of
seven or nine colunins of data:
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Column 1: Range (km)
Column 2: Alttude (km MSL.)
Column 3: Optical Depth (-)
Column 4: Lidar Return «Watt)
Column 5: Range Independent Lidar Return (Watt m2)
(equals lidar return muluplied by the square of the range)
Column 6: Range Accuracy (m)
Column 7: Signal-to-Noise (-
Column 8: Radial Wind Speed Along Lidar Lire-ot-Sight (m/s. kts. or mph)
Column 9: Wind Speed Accuracy (mJ/s, kis. or mph)

where Columns 8 and 9 are onlv included for coherent Doppler lidar systems and the wind speed
units are set by the user. BACKSCAT assigns a default name of defaulr and the detault eztension
18 .dar. An example ot the output data file is given in Appendix A.

To change the nume of the output data tile from the submenu in Figure 20. move the
highlighted area to the "Change Output Data File” line and press RETURN. or type the letter "D”
twice. The code provides a "popup” submenu in which the user can enter the output data file
name. as shown in Figure 24. Type 1 a name of eight characters or less and hit RETURN. (The
extension in brackets 15 not twped by the user. but it is supphied internally by the code.)
BACKSC.\T does not check to see it the name is already in use.

BrBACKSCAT —-— Aerosol Backséatté; Sgstem
FILES TO BE USED:

Configuration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parametiers:
. Ujewing Conditions: Output Propagation Profile: DEFAULT
] Output Log File: DEFAULT User-Def ined Aerosol:
Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from. BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere |
User-Pef ined Gerosol Layer Added: NO

Output Data File {.DATI: _-
' " (Dgfault: DEFAULT

File MName Entry
,[ .DAT)

Intexr Filename for Current Simulation

Bigure Z4. BACKSCAT Submenu tor Entening an Output Data File Name




5.1.4 Change Molecular Absorption File

This optional tile contains molecular absorption data to be used in a simulation. It cannos
be used when the user has selected the Ruman lidar svstem option (see Section 3.5). The
molecular ubsorption data file can be generated by the maby package or it can be created ott-line
by the user m the required tormat. The tormat is described in Appendix A. Molecular absorption
files are given the detault extension. .res.

To seiect this option from the submenu 1n Figure 20. move the highlighted area to the
"Change Molecular Absorption File” line and press RETURN. or type the letter "M" twice. The
code will display a "popup” submenu that lists the names of molecular absorption ftiles in the
current working directory. as shown in Figure 25. Move the highlighted area to the desired
molecular absorption tile nume und hit RETURN. It no ftiles exist with the .res extension.
BACKSCAT alerts users with a waming message shown in Figure 26. The user 1s then retumed
to the Main Menu.

3.2 Save Cenfiguration Conditions

This Main Menu option saves the contigurauon conditions tor the current simulation to a
contiguration tile. To save the configuration condaens, move the cursor on the Main Menu to the
“Save Contiguration Conditons line and press RETURN. or type the letter "S" twice.
BACKSCAT then displays a "popup” submenu in which the user can enter the contiguration tile
name. us shown i Figure 27, The code will display deraulr or current configuration tile name.
Tvpe in o new name and press RETURN. (The extenston mn brackets 1s not typed by the user. but
it 1y supphed internadly by the code. It the file name already exists. BACKSCAT wams the user
that the contigurauon tile will be cverwritten. BACKSCAT then asks the user if overwriting the
f1le 15 acceptable. To overwrite the contiguration tile. press RETURN. or type "Y" and RETURN.
To abort tne operatton. type "N" und RETURN.

5.3 Run Calculations

This Main Menu opuon pertorms a hidar simulation. To pertorm the simulation. move the
highlichted area on the Main Menu to the "Run Calculauons™ line and press RETURN. or tvpe the
letter "R" twice. BACKSCAT then displayvs u window telling the user that the simulation is being
pertormed. as shown 1 Figure 28, Additionaliy. this window displays any errors that occur during
the simulanion and 1t nouties the user when the simulaton 1s complete. To return to the Main
Menu. hit RETU'RN. Informaton dabout the simulation 1s written to the output log file (./og). This
log mcludes a descrniption of the input parameters and anv warning messages that occurred during
the simulaton. For ott-line graphics programs. the simulaton results are stored in the output data
file Caur).




IlBACKSCAT —- Aeroso | Backsuaiter Systen
FILES TO BE USED:

Configuration Conditions: Molecular Absorption Daia: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:
Vieving Conditions: Output Propagation Profile: DEFAULT
Output Log File: DEFAULT User-Def ined Rerosol:

Output Data File: DEFAULT Detector Parameters:

ATMCSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Ravleigh Scattering Based on: TROPICAl: Atmosphere
User-Def ined Aero

Select File:
TEST .RES
QZONE .RES
co2 .RES

RETURN to select file, ESC to abort.

Figure 25. BACKSCAT Submenu for Selecting a M()leculy.r Absorption File Nume

BACKSCAT —— Aerosol Backscatter System

FILES TO BE USED:
Conf iguration Conditions: Molecular Absorption Data: (NONE)
Lidar System Paramcters: Atmospheric Model Parameters:
UVijewing Conditions: Qutput Propagation Profile: DEFAULT
Output Loy File: DEFRULT User-Def ined Aerosol:
Output Data File: DEFAULT Detector Parameters:

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL MODELS
Rayleigh Scattering Based on: TROPICAL Atmosphere
User-Def ined Aerosol Layer Added: NO

No files exist with the extension ’ . RES’
Press ANY KEY to continue

4,v, RETURN to select file, ESC to abort.
Figure 26. Warming Message Issued by BACKSCAT 1if No Molecular Absorption Files Exist in
the Current Working Direcrory
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BﬁCKSChT - éérosol Backscatter Sysiom
FILES TO BE USED:

Conf iguration Conditions: Molecular Absorption Data: (NONE)
Lidar System Parameters: Atmospheric Model Parameters:
Uiewing Conditions. Output Propagation Profile: DEFAULT
Output Log File:. DEFAULT User~Def ined Aerosol:
Output Data File: DEFAULT Detector Parameters:

—

ATMOSPHERIC CONDITIONS:
Propagation Profile from: BUILT-IN AEROSOL HMODELS
Rayleigh Scattering Based on: TROPICAl Atmosphere
User-Def ined Aerosol Layer Added: NO

Enter Filename [(.CFGI]:

( = = Abort Save)

ESC to Previous Henu

‘RETURN_to expcute,

Figure 27. BACKSCAT Submenu tor Saving Coafiguration Condmons to a ( unnouramon Flle

IBH:)BCHT —_ ﬂemsol Backscatter

l’hcu- l.ap s ZBSIDOS-Extender[tn) Uersion 3.9
Copgrlght 1993 Phar Lap Software Inc..
ﬁwulable I'Ienory 8121 Kb

Conputing’ bnckscatter — please valt

r

URMIHG Bacxscar calculatxon stopped at top of atmspherergrbund

Smu lat ion cunp lete

3 ANY KE! to rcturn tn Main Henu

*

Siuulntiun co-pletc
Fware 28, Message stpl.lud by BACKSCAT \\ hen 4 Simulation Is Pertormed




3.4 View Results

This Main Menu option s used to view results from the current simulaton. or any
previously conducted simulation. To create the plots. BACKSCAT accesses data in the output
data files (.dur). In BACKSCAT Version 4.0). the plotiing capabilities have been expanded to
include signal-to-noise calculations.

To view the results trom a simulation. move the highlighted area on the Main Menu to the
“View Results” line and press RETURN. or type the letter "V" twice. Figure 29 shows the View
Results Submenu that appears. Upon entering the View Results Submenu. BACKSCAT displays
the current output data file nume. The detault values tor the lowest and highest altitude/range are
those used in the current simulation. To change the output data file to be plotted. type in a new
file name. To change the lowest or highest alttude/range. move to the given entry and enter the
new value.

In BACKSCAT Version 4.0. the users has four choices tor the type of plot. (1)
backscatter coetticient as a function ot altitude: (2) backscatter coefticient as a function of range:
(3) s1gnal-to-noise as a tunction ot altitude: or (4) signal-to-noise as a tunction ot range. To select
trom the four options. move the highlighted area to the "Type of Plot" fieid and hit the F1 kev. A
"popup’ menu appears with the tour choices listed. (1) ALTITUDE vs. BACKSCATTER: (2)
BACKSCATTER vs. RANGE: (3) ALTITUDE vs. SIGNAL-TO-NOISE: and (4) SIGNAL-TO-
NOISE vs. RANGE. as shown 1n Figure 30. Use the cursor keys to select the desired plot type
and press RETURN.

BACKSCAT -— LIDAR Backscatter Program
FQuick View Parameters

File to be Plotted 1.DAT): DEFAULT
Type of Plot: ALYTITUDE us. BACKSCATTER

Lowest Altitude-Range. 6.5806
Highest Altitude/Range:. 180.80

i
b
i

P

, ¥, Ctrl-Enter=Plot Results, ESC-Return .o Main Henu
Freure 29 BACKSCAT Submenu tor Viewing the Results ot a Sumulauon
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BACKSCAT ——Ihefosbl Baékscattér Syétum'
Fluick Vieu Parameters

File to be Plotted [.DAT1: DEFAULT
Type of Plot: ALTIT
Lowest AltitudesRange:. 6.588 Plot Types:
Highest AltitudesRange: 108.0 ALTITUDE wvs. BACKSCATTER
BACKSCATTER vs. RANGE
B ALTITUDE us. SIGNAL-TO-NOISE
SIGNAL-TO-NOISE vs. RANGE

A, '.vgnter=ﬁcppt Plnt Type ‘ - _ ‘ _ L
Figure 30. BACKSCAT “Popup™ Menu tor Selecting the Type of Plot To Be Viewed

To create the plot. hit the CTRL ENTER kevs. A plot similar to Figure 31 will appear. Be
aware that SNR values less than one are meaningless. but numencallv permitted. (Note that the
plot will not be created unless the computer svstem being used has graphics capabihities. If the
plot cannor be created. BACKSCAT [ssues an error message that says it cannot scé the graphics
mode correctly. Additionally. the vxis labels are not plotted unless the font tile modern.fon is
located an the current directory. It wxas labels cannot be plotted. BACKSCAT issues an error
message that wlls the user to maove this tile to the current directory.) The user can scale the
altitude or range axis v hitting the FI kev to decrease the maxumum altitude/range by a factor of
ten. or the F2 kev tv merease the muxaimum alutude/range by o factor of ten. The maximum
altitude or range value pltted cannot be decreased less than the minimum value. and 1t cannot be
increased greater than the maximum alutude/range in the results. After viewing the plot. hit ESC
to return to the View Results Submenu. To return to the Main Menu. hit ESC again. The user 18
asked to confirm the exato the Sain Menu.

3.5 Change Lidar Syvstem

Th= user can switch between aerosol backscatter. Ranman scattering. and coherent Doppler
ldar systems. by selecuny the opuon  Change Lidar Svstem”™ trom the Main Menu. After the hidar
svstem 1y changed. BACKSCAT updates th top portion o the Mam Menu so it displays
intormation relevant to the chosen bdar svstenmi.

To change hdar svstems, move the highlighted area on the Main Menu to the "Change
Lidar Svstemn™ hine and press RETURN. or wpe the letter "H" rooce. Fieure 32 shows the “popup”
menu that appears. NMove the highiighted wrea o the hine tor the desired hdar svstem and press




RETURN crtvpe s nehbrehre sieter nace. The user s then returned o the Mo Menu and the
rrent dar svstem s displaves oo the upper letr hand comer of the Main Nenu,
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Results Opton, Users should remember that SNR values less than one are meamngless

FILES 70 BE USED: _

Cornf iguration Conditions: Molecular Absorption Data:
Lidar System Parameters: Atmospheric Model Paremeters:
Viewing Conditions: Dutput Propagation Frofile:
Output Log File: DEFAULT User-Def ined Aernaol:

Dutput Data File: DEFAULT Detec.or Parar+ters:

ATMOSPHERIC COMDITIONS :
Propagation Profile from: BUILT-IMN AERDSOL MOYELS
Rayleigh Scattering Based on: TROPICAL Atwmosphere
User—Def ined Aerosol Layer Added: MO

a,v, RETURN to execute, ESC to Previous chu

Frowre 20 BACKSONT submoenu 1o Chancmye the Tvpe o Ladar System




6 DEFINE LIDAR SYSTEM PARAMETERS

The Main Menu option "Detine Lidar Svstem Parameters” describes the characterisics ot
the transmitter and recever. In BACKSUCAT Version 4.0, additional lidar system parameters have
reen added tor the signal-to-nose caleulations. Also. the user must select from tive built-in
detectors ty be used n the simulation. or specity the parameters tor a user-detined detector.

6.1 Entering the Lidar System Parameters Submenu

iidar sysem parameters are set by selecting the Main Menu option "Detine Lidar System
Parameters”. To select this option. move the highlighted area to the "Define Lidar System
Parameters” line ana press RETURN. or press the "L” key twice. the Lidar System Parameters
Submenu will appear as shown in Figure 33. The values shown in Figure 32 are the detault values
in BEACKSCAT Vezrsion 4.0, 1t the user empiovs a contiguration rile that .rcludes a Ldar svstem
parameters tile. the values in that tile will appear instead ot those shown in Figure 23 and the file
name wili appear at the top of the menu instead ot "NONE."

[N S DS A NG A T, A X
BACKSCAT -- Aervsol Backscatter Sustem
[Lidar Parameters=— G
Lidar System File: NONE
Read parameters fron new File? N
Wavelength (micronss: 8.55%48
Pulse Energy ‘Joules): 1.£888
Duration of Pulse (usec): 1.P889
Tei1escope Rperture Diameter (cm): 108.88
Obscuring Mirror Diameter (cm): 2.6800
Transmitter Optical Efficiency (-): 1.0888
Receiver COpticai Efficiency (-): 1.80608
Receiver Field-of-View (urad]: 308.60
A B’ grcound Radiance (W/ (m2wsrwun)): 8.8008
Spectral Filter Width (A):. B.AABHB
Detector: FMT-UIS (R636)

A, ¥, Ctrl-Lntev=hicpt Changes. ESC=Quit
Figure 33, BACKSCAT Submenu ftor Detining Lidar System Parameters. The velues shown are
ihe detoult vatues m BACKSCAT Vesior JLO
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6.2 Accessing Lidar System Parameters from File

BACKSCAT allows lidar system parameters to be saved w a file and then eusily rzcalled
into the menu ntertace svstern. These tiles are given the default extension. /dr. and are described
m Appendix A. The nome oi an existing lider system parameters file can be included in the
configuration nle,

When the Lidar Svstem Parameters Submenu tirst appears. the user is asked if he or she
wdants to read parameters trom an existung lidar system file. ‘This occurs even 1if a lidar system
parameters tile was specified by meuans of a configuration file.) If the answer 1s "Y". the code
displays a "popup” menu that hsts the lidar system parameter tiles in the current working
directory. An example is shown in Figure 34. Move the cursor to the desired file name and hat
RETURN. The values in the ./dr file will ieplace those in the Lidar System Parameters Submenu.
To exit this “"popup’” menu and not select a new lidar system parameters file. hit ESC. If no tiles
exist in the current directory with the ./dr extension. BACKSCAT alerts the user with a warning
and then returns to the Lidar System Parameters, Submenu. It the user chooses not to read in a
new file by rasponding with a "N on the Lidar System Parameters Submenu. the higalighted area
will move to the edit fields tor the individual lidr system parameters.

RN
BACKSCAT -- Aernsol Backscatter System
FlLidar Parameters
Lidar System File: NONE
Read parameters from new File? Y

Wavelength (microns Select File:

Pulse Energy (Joules TEST .LDR

Duration of Pulse (usec
Telescope Aperture Diameterr (cm)! 180.68
Obscuring Mirror Diameter (cm): 2.5808
Transmitter Qptical Efficiency (-): 1.88008
Receiver Optical Efficiercy (-): 1.8888
Receiver Field—of-Vieuw (urzdf]: 380.88
B’yround Radiance W/ (m2xsrwum}):. ©.0880
Spectral Filter Width (A): 0.8086

Detector: PMT--UIS (R63S)

L —

A,v, RETURN to select {1le, ESC to abort.
Figure 34. BACKSCAT "Popup” Menu tor Selecting a Lidar System File

6.3 Editing Individual Lidar System Parameters

To selectvelv modify any or all hidar system parameters. move the highliehted area to the
desired parameter tusing the up or down arrow keys). tvpe i the new value. and hit RETURN.
BACKSCAT venfies that the new value 1s within the range limis for that purameter. If & new




value i1s not within the range himis. BACKSCAT displayvs an error message that gives the
acceptable range tor the parameter and then it prompts the user to correct the entrv. An example
is shown an Figure 35, For reterence. Table 11 gives the valid ranges for the hdar system
parameters. In Table 1. the recerver field-ot-view parameter must exceed the diffraction hmit of
the recerver optics which equals 44/tDp (see Eq. 1D, It it does not. BACKSCAT automatically
sets the recerver ti2ld-ot-view to the ditfraction hmit and issues a warning message in the log tile.

When the user changes the lidar wavelength. BACKSCAT verities that the new lidar
wavelength applies to the current detector in the Lidar System Parameters Submenu. If it does
not. BACKSCAT intorms the user that the lidar wavelength cannnt be used with the curreat
detector. An example is shown in Figute 36. Note that BACKSCAT only issues an informative
message. so the user needs to remember to change the type of detector.

6.4 Selecting a Detector

The last parameter m the Lidar Svstem Parameters Submenu 1s used to select the type of
detector tor the simulation. To select a detector. move the highlighted area to the type ot detector
edit tield and hit the FI kev. A "popup” menu will appear as shewn in Figure 37. The "popup”
menu contains the five built-in derectors and two user-detinad deteccors. The procedures to select
the different detecors are given below,

6.4.1 Built-In Detectors

o

To selecr a built-in detector trom the "popup” menu sliown in Figure 37. simply move the
highlighted area to the desired built-in detector and hit RETURN. BACKSCAT then displays the
name of the new detector i the Lidar System Parameters Submenu. If the built-in detector does
not apply to the carrent lidar wavelength. BACKSCAT issues an error message that says the user
has selected an invalid dztector. An example is shown in Figure 38. The user must then hit any
kev to continue and BACKSCAT returns to the "popup” menu tor selecting the tvpe ot detector.
For reterence. Table 12 lists the valid wavelength ranges for the built-in detectors. Note that
BACKSCAT does not permit the user to leave the type of detector edit tield unless a vser-defined
detector or & valid built-in detector 1s selected.

6.4.2 Files with Parameters for Usei-Defined Detectors

BACKSCAT allows the purameters tor a user-detined deiector to b2 saved m a file and
then easily recalled into the menu intertace systerm. The namez ot an existing user-defined derector
file can be included in the configuration file or it can be specitied in one of two Detector
Param.eters Submenws (see Secrions 6.4.3 and 6.1.4). Usei-detined detector files are given the
detault extension. .der. and are described in Appendix A.
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BACKSCAT —-— Aerosol Backscatter System
rLidar Parameters
Lidar System File: NONE
Read parameters from new File? N

Wavelength (microns): -9

Pulse Energy (Joules): 1.8088

Duration of Pulse (usec):@ 1.0688

Te lescope Aperture Diameter (cm):. 168.886

Obscuring Mirror Diameter (cm): 2.8860

Transmitter Optical Efficiency (-): 1-.80A6

Receiver Optical Efficiency (-): 1.8888

Receiver Field-of-View (urad): 368.88

B’ground Radiance (W/(mZ2xsr»um)):. 0.0868

Spectral Filter Width (A): 0.8083
Detector: PMT-VIS (R636)

idar Wavelength must be in the range:. 8.2 - 48.8 um
Press ANY KEY to continue

, ¥, Ctrl-Enter=Accpt Changes, ESC=Quit
Figure 35. Example nt an Error Message Issued by BACKSCAT When the User Enters an
Incorrect Value tor a Lidar System Parameter

Table 11. Lidar System Parameters tor BACKSCAT Version 4.0. Units. Default Values. and
Limits. The * denotes new lidar system parameters in BACKSCAT Version 4.0.

LIDPAR SYSTEM DEFAULT
PARAMETER UNITS VALUE LIMITS
Wavelength pHm .55 0.2-40.0
Pulse energy Joules 1.0 >().0
Pulse duratuon usec 1.0 >().0
<Range resolution
Telescope aperture diameter cm 100.0 >().0
>Obscuring mirror diameter
Obscuring mirror diameter cm 2.0 20.0
<Telescope aperture diameter
Transmitter optical cfﬁcicncy* (-) 1.0 0.0-1.0
Receiver optical etticiency”™ (-) 1.0 0.0-1.0
Keceiver tield-ot-view prad 300.0 >Diffraction limit ot receiver
opucs
Background radiance * W/(m2 sr ym) 0.0 20.0
Spectra! filter width” N 0.0 0.0




BACKSCAT -- Aerosol Bac"scatter Sys emn

rlidar Parameters
Lidar System File: NONE

Read parameters from new File? N

Wavelength (microns): 4.5
Pulse Energy (Joules): 1.82800
Duration of Puilse (usec): 1.80608
Telescope Aperture Diameter (cm): 188.88
Obscuring Mirror Diameter (cm): 2.5880
Transmitter Optical Efficiency (-): 1.0880
Receiver Optical Efficiency (-): 1.9889
Receiver Field~of -View (urad): 388.98
B’ ground Radiancc (W/ (m2u#sr=um)):. 8.8800
Spectral Filter Width (A):. B8.8800

Detector: PMT-UIS (R636)

NOTE: This lidar wavelength does not apply to the chosen detector.
PMT-VUIS detector is for wavelengths between 8.18 and 0.98 unm.
Press ANY KEY to continue .

, ¥, Ctrl-Enter=Accpt Changes. ESC= Qunt

qurc 36. Example of the Intormanve Message [ssued by BACKSCAT When the User Enters a
Lidar Wavelength That Does Not Apply to the Current Detector

IrBACKSCAT —- Aerosol Backscatter sSystem

rl.idar Parameters
Lidar System File: NONE

Read parameters from neu File? N

Wavelength (microns): .5580
Pulse Energy (Joules): 1.0068
Duration of Pulse (usec): 1.8880
Te lescope Aperture Diameter (cm): 160.69
Obscuring Mirror Diameter (cm): 2.8000
Transmitter Optical Efficiency (-): 1.8680
Receiver Optical Efficien
Receiver Field-of-Vieuw Deflector Types:
B’ ground Radiance (W/(m2xs APD
Spectral rilter Wid Dimpled APD
De PMT-VIS (R636)
PMT-UV (R375)
HgCdTe
Other w” NEP
Other w70 NEP

A, Vv, Enter—ﬂccept Detettor Type ‘
qure 37. BACKSCAT "Popup” Menu tor Selccunfz t}‘e Type of Detector




BACKSCAT -- fAerosol Backscatter System

[Lidar Parameters
Lidar System File: NONE

Read parameters from new File? N

Wavelength (microns): 0.5500
Pulse Energy (Joules): 1.86808
Duration of Pulse (usec): 1.8080
Telescopve Aperture Diameter (cm): 180.08
Obscuring Mirror Diameter (cm):. 2.0080
Transmitter Optical Efficiency (-): 1.8800
Receiver Optical Efficiency (-):. 1.9880
Receiver Field-of-Uiew (urad): 360.80
B’ground Radiance (W/(mZwsrwum)): 0.0000
Spectral Filter Uidth (A):. 68.0600
Detector: PMT-VIS (R636)

Invalid Detector: Dimpled APD detector is for wavelengths from 1.64 to 1.86 un.
Press ANY KEY to continue

,» ¥, Ctrl-Enter=Accpt Changes, ESC=Quit Fi1=Display Available Detectors
Figure 38. Example of the Error Message Issued by BACKSCAT When the User Selects a Bult-
In Detector That Does Not Apply to the Current Lidar Wavelength. Note that the previous
detector remains in the detector edit tield until an appropriate detector is selected

Table 12. Wavelength Ranges tor Buiit-In Detectors in BACKSCAT

WAVELENGTH RANGE
DETECTOR ~(um)
APD (C30919) 0.45-1.15
Dimpled APD 1.04-1.06
PMT-VIS (R636) 0.18-0.90
PMT-UV (R315) 0.16-0.70
HeCdTe 10.6

6.4.3 User-Defined D<tectors with Spectral Noise Equivalent Power

To specify a user-detined detector with the spectral noise equivalent power, move the
highlighted area on the detector "popup” menu (Figure 37) to the "OTHER w/NEP" option and
hit RETURN. The Detector Parameters Submenu will appear as shown in Figure 39. The values
shown in Figure 39 are the default values in BACKSCAT Version 4.0. If the user employs a
contiguration file that includes a user-defined detector file name, the values in that file will appear
instead of thac shown in Figure 39 and the file name will appear at the top of the menu instead of
"NONE."




BACKSCAT —— Aerosal Backscatter Systenm

rLidar Parame .ers
Lidar System File: NONE

Read parameters from new File? N

FDetector Parameters With Spactral NEP
Detector File: NONE

Read parameters from new File? N

Teles Quantum Efficiency (-): 0.1546
Obs Current Gain (-): 1.8e+865
Transmi Detector Excess Noise Kactor (~-)! 1.20€8
Rece
Re Spectral HEPJ(W/sqrt(Hz)): 9
B’ gro

A, ¥, Cirl-Enter=Accpt Ckanges, ESC=Quit
Figure 39. BACKSCAT Submenu tor Specitving the Parameters tor a User-Delined Detector
With the Spectral Noise Equivalent Power. The values shown are the default values m
BACKSCAT Version 4.0

When the Detector Parameters Submenu tirst appears. BACKSCAT asks the user if he or
she wants to read parameters from an exisung user-detined detector tile. (This will occur even it a
user-detined detector file was specitied by means of a configuration iile.) If the answer 1s "Y".
BACKSCAT displays a "popup” menu that hists the user-detined detector files in the current
working directory. An example 15 shown in Figure 40. Move the cursor to tae desired fue name
and it RETURN. The values in the .der tile will replace those in the submenu. (Note that the
spectral NEP is set to (1.0} when the user selects a user-detined detector file that describes a
detector without the spectral NEP.) To exit the "popup” menu and not select a new user-defined
detector file. hit ESC. If no files exist in the curren: directory with the .dJder extens:on.
BACKSCAT alerts the user with a waming messige and then returns to the Detector Parameters
Submenu. If the user chooses not to cead a new tile by responding with 4 "N" on the Detector
Parameters Submenu. the highlighted urea will move to the edit tields for the individual detector
parameters.

To selectively modify any or atl detector parameters. move the highlighted area to the
desired parameter (using the up and down arrow keys). type in the new value. and hit RETURN.
BACKSCAT verities that the new value 15 within the range limits for that parameer. If a new
value is not within the range limits. BACKSCAT displays an error message that gives the
cceeptable range for iz parameter and then 1t prompts the user to correct the entry. An example
is shown n Figure 41. For reterence. Table 13 lists the valud ranges for user-defined detectors
with the spectrai NEP.




ANy . } P EA D 7
BACKSCAT -~ Aerosol Backicatter System
rlLidar Marameters
Lidar System File: NONE
Read parameters from new File? N
rDetector Parameters With ——
Detector File: Select File:

Read parameters f TEST .DET
WHEP .DET
Teles Quantum E WONEP .DET 46
Obs Cur APD .DET +0a85
Transni Detector Excess Noil (515]
Rece
Re Spectral NEPJ(W/sqrt(Hz)): €
B’ gro

RETURN to select file, ESC to abort.
L

Figure 40. BACKSCAT "Pepup” Menu tor Selecting a User-Detiied Detector File

A,Y,

ST

rFLidar Parameters

Lidar Sysiem File: NONL
Read paraneters from new File? N
FDet.:ctor Parameters With Spectral NEP

A - S
TBACKSCAT —— Aeroscl Backscatter System
Ve t2ctor File: NONE

1 Rrad parameters from new File? N
Teles Quantum Efficiency (-): 3
\ Obs Current Gain (-): 1.8e+865
Transmi Detector Excess Noise Factor (-): 1.2008
Rece
Re Spectral NEP (Wsqrt(Hz)): 8

B’'aro

| +~

ange for Quantum Efficiency:. 0.8-1.0
Press ANY KEY to cortinue

v, Ctrl-Enter —Accpt Changes, ESC=Quit |

Fieure 41. Example of an Error Message Issued by BACKSCAT When the User Enters un
Incorrect Value in the Detector Parameters Submenu




Table 13. Parameters tor a User-Detined Detector With the Spectral Noise Equivalent Power.
Units. Detault Values. and Limits. Note that the user must input the spectral NEP

DETECTOR DEFAULT
PARAMETER UNITS VALUE  LIMITS
Quanwum etficiency () 0.15462  0.0-1.0
Current gain (+) 18 x 107 21.0
Detector excess noise tactor (-) 1.2 >0.0
Specural noise equivaleat power density (WEP) W/(Hz)"2 0.0 20.0

6.4.4 User-Defined Detectors without Spectral Noise Equivalent Power

To speaty a user-detined detector without the spectral noise equivalent power. move the
highlighted area on the detector "popup” manu (Figure 37) to the "OTHER w/oNEP" option and
hit RETURN. The Detector Paramerers Submenu will appear as shown i Figure 42. (Note that
this submenu ditfers sligndy from that shown i Figure 39.) The values shown in Figure 42 are the
detault values in BACKSCAT Version 4.0. It the user employs a contiguraton file that includes a
user-detined detecior rile name. the vabies i that file will appear instead ot those shown m
Figure 42 and the tile name will appear at the top ot the menu instead of "NONE."

dBRLKSCAT —— ARerosocl Backscatter Systen
Lidar Parameters = ==
r Lidar System File: NONE
Read parameters from new File? N
FPetector Parameters Without Spectral NMNEP
Detectnr File: NOMNE
Read parameters from new File?

Teles Quantum Eff iciency (-):
Obs Current Gain (=)
Transmi Detector Excess Noise Factor (-):
Rece
Re Anode Dark Clrrent (namp):
B’yro Load Resistor (ochm):
Effective Load Tumperature (K):

Other Amplif{ier-Detector Moise (namp):

A, v, Ctrl-EnterzAccpt Changes, ESC=Quit

Figure 42, BACKSCAT Submenu tor Specitying the Parameters for a User-Detined Detector
Withouvt the Spectral Noise Equivalent Power. The values shown are the default values in
BACKSCAT Version 4.0




When the Detector Purameters Subinenu tirst appears. BACKSCAT asks the user if he or
she wants to read parameters from an existing user-detined detector tile. {This will occur even if a
user-defined detector tile was specitied by means of a configuranon tile.) It the answer is "Y",
BACKSCAT displavs & "popup” menu simiiar to Figure 40 that lists the user-defined detector
files n the current worki~e directory. Move the cursor to 12 desired file name and hit RETURN.
The values in the .Jer tile will replace those i the submenu. (Note that the anode dark current,
loud resistor. eftective foad temperature. and other ampiifier/detector noise ¢rrrent are set to 0.0
when the ucer selects a user-detined detector tile that describes a cetector with the spectral NEP.)
To exit the "popup” menu and not select a new user-detined detector tile. hit ESC. 1f no ftiles exist
in the current directory with the .det extension. BACKSCATY alerts the user with a warning
messzge and then returns to the Detector Parameters Submenu. If the user chooses not to read a
new tile by responding with a "N" on the Detector Paraumeters Submenu. the hignlighted area wiii
move to the edit tields tor the individial detector parameters.

To selectively modity any or all detector parameters. move the highlighted aiea to the
desired parameter (using the up and down arrow kevs). type in the new vaiue. and hit RETURN.
BACKSCAT venties that the new value 1s within the range limirs for that parameter. If a new
value 1s not within the range limits. BACKSCAT displays an error message simuar to Figure 41
that gives the acceptabie range tor the parameter and then it prompts the user to correct the entry.
For reterence. Table 14 hists the valid ranges tor user-detined detec:ors without the spectral NEP.

Table 4. Parameters tor a User-Detined Detector Withour the Spectral Notse Equivalent Power,
Units. Detault Values. und Limits

DETECTOR DEFAULT
PARAMETER UNITS VALUE  LIMITS
Quantum etticiency (-) 0.15462 0.0-1.0
Current gain () [.8x 102 210
Detector excess noise tactor (-) i.2 >()
Anode dark current namp 0.1 20.0
Load resistor ohm 50.0 >(5.0)
Eftective load temperature K 300.0 =0.0
Other amplitier/aetector noise current namp 0.0 20.0

6.5 Exiting the Lidar System Parameters Submenu

To exit the Lidar Svstem Parameter Submenu and save any changes imade to the lhidar
system parameters. hit the CTRL-ENTER keys. BACKSCAT as the user if he or she wants to
write the lidar system parameters to a ./dr file. Answer with a "Y' or "N." If the answer is "Y."
the user 1s prompted tor the tile name. The name ot the current lidar svstem file is provided as the
detault choice. To use this tile name. press RETURN. BACKSCAT reminds the user that the file
alreadv exists and then asks tor confirmation to overwrite tt. Answer with a "Y" or "N." If the




user wants to save the lidar systems parameters to a new ./dr file. type in the new file name and
press RETURN. After the tile is saved. the user is returned to the Main Menu.

To return to the Main Menu without saving anv changes made to the lidar system
parameters. hit ESC at any time dunng the editing process. BACKSCAT uasks ti:e user to contirm
this operat:on because any changes to the lidar systerm parameters are lost. including anv new file
read 1n.

7 DEFINE VIEWING CONDITIONS

The Main Menu option "Define Viewing Conditions” specities the altitude and viewing
orientation of the lidar. the runge and resolution of the simulation output. and the albedo of the
underlving surtace. Note that this option and its accompanying menus are unchanged from
BACKSCAT Version 3.0).

7.1 Entering the Viewing Conditions Submenu

To set the viewing condiion parameters. move the highlighted area to the "Define
Viewing Conditions” line on the Main Menu and press RETURN. or press the "C" kev twice. The
Viewing Conditions Submenu will appear as shown in Figure 43. The values shown in Figure 43
are the detault values in BACKSCAT Version 4.0. If the user employs a contiguraunon ftile that
includes a viewing conditions tile name. the values in that tile will appear instead of those shown
in Figure 43 and the fil= name wiil appear at the iop ot the menu instead of "NONE.”

7.2 Accessing Viewing Conditions Parameters from File

BACKSCAT allows viewing conditions parameters to be saved in a file and then easily
recalled mto the menu intertace systera. These tiles are given the default extension. .vuw. and are
described in detail in Appendix A. The name of an existing viewing conditions tile cun be included
in the contiguration {"le.

When the Viewing Condiuons Submenu first appears. the user will be asked if he or she
waits to read in parameters trom an exigiing viewing conditions tile. (This occurs even if a
vizwing conditions file voas specitied in a user-supplied configuration tile.) 1f the answer 15 "Y".
the code displays a "popup” menu that lis:s *he viewing conditions files in the current working
directory. An excmple 15 shown in Figure 44, Move the cursor to the desired tile name and hit
RETURN. The values in the .vuw tile will replace those in the Viewirg Conditions Submenu. To
eXit this "popup” menu and not selact a new viewing conditions tile. hit ESC. 1t no files exist
the current directory with the vov extension. BACKSCAT alerts the user with a warning
message and then returns to the Viewmg Conditions Submenu. It the user chooses not to read
new tile by responding with o N7 on the Viewing Conditic s Submenu. the highlighted area wall
move to the edit tields for the individual viewing conditions parameters.




—BRCKSCRT - Raman Sgstpl'l
fUiewing Conditions
Uiewing Conditions File: NONE
Read parameters from new File? N

Height of Lidar Sensor (km): 8.06808
Elevation Angle (deg): 90.8660
Azimuth Angle (deg): 6.8888

e

Ground Altitude (km): 6.00880
Surface Albedo at 8.5588 un: 8.7500

Farthest Range (km):@ 108.08
Nearest Range (km): 0.08008
Range Resolution (km): 0.5680

: '
A, ¥, Ctrl-Enter=fccpt Changes, ESC=Quit

Figure 43, BACKSCAT Submenu tor Specitving the Lidar Viewing Conditions

BACKSCAT -— Raman System
Wieuing Conditions
Viewing Conditions File: NONE
Read parameters from new File? Y

Heiqght of Lidar Sensor (km Select File:
Elevation Anglie (deg DEFAULT .VUW
Azimuth Angle (deg UVIEW1 LUUy

Ground Altitude (km UIEWZ2 V1A
Surface Albedo at 8.5568 u

Farthest Range (km): 108.088
Nearest Range (kmf): ©.080888
Range Resolution (km): 8 .5808

+,.¥, RETURMN to select file, ESC to abort.

Froure 44 BACKSCAT “Popup™ Menu tor Selecune o Viewmg Conditons File




7.3 Editing Individuai Viewing Conditions Parameters

To selecuvely modity any or all of the viewing condition parameters. move the highlighted
area to the desuyed parameter (using the up or down arrow keysi. type in the new value. and hit
RETURN. BACKSCAT venties that the new vulue 1s within the range limits for that parameter. If
o new value 1s not within the range hmits. BACKSCAT displays an error message that gives the
acceptable range for the parameter und then it prompts the user to correct the entry. For
rete ence. Table 15 gives the valid ranges tor the viewing conditions parameters. Note that in
Table 13. the alutude of the lidar plattorm can be above 100km even though the "top” of the
atmosphere 1s usially set to 10C km. This feature allows the user to simulate a lidar on a space
plattorm. For this scenamo. BACKSCAT does not attenuate or backscatter the lidar peam
berween the top of the atmosphere and ihe lidar platform. but it does adjust the viewing elevation
angle to compensate for earth curvature as well as 1ssue a message in the log file.

Tuble 15. Viewing Conditons Parameters tor BACKSCAT Version 4.0, Units, Default Values,
and Limits

VIEWING DEFAULT

PARAMETER UNITS VALUE LIMITS

Height ot hidar sensor km MSL 0.0 =9

Viewing elevation angle deg 90.0) -90.0 - 90.0

(2 0.0 for ground-based lidar)

| Viewing uzimuth angls deg 0.0 0- 360

Ground altitude km MSL 0.0 = 0 and < hdar sensor height

Surtace albedo at hidar - (0.25 0.0-1.0

wavelength

Fuithest range tor output km 100.0 > (} and > nearest range

Nearest runge for output km 0.0 > {) and < farthest range

Runge resomtion tor output km (0.5 < farthest minus nearest range. and

> pulse duration x (). 1498625

e s

7.+ Exiting the Viewing Conditions Submenu

To exit the Viewing Condittons Submenu and save anv changes made te the viewing
conditions parameters. it the CTRL-ENTER kevs, BACKSCAT asks the user f he or she wants
1o write the viewing conditions pardmeters to a v file, Answer with a "Y" or "N." 1t the answer
is 'Y." the code prompts the user tor the file nwne. The name of the current viewing conditions
fie s provaded as the detault choice. To use this tile name. press RETURN. BACKSUCAT reminds
the user that the file already exasts wnd then asks Jor confirmation o overwnte 1. Answer with a
A or NI the user wants o save the viewing conditions purameters to a new aov file. type m
the new file name and press RETURN. Atfter RACKSCAT saves the file. the user 1s returned to

dic Mamn Menu.




Te return to the Main Menu without saving any changes made to the viewing conditions
parameters. hit ESC at any time dunng the editing process. BACKSCAT asks the user to confirm
this operation because anyv changes to the viewing conditions parameters are lost. including any
new file read 1.

8 DEFINE ATMOSPHERIC CONDITIONS

The Main Menu option "Detine Awmospheric Conditions” defines the atmospheric
conditions for 4 BACKSCAT simulaton. To select this option. move the highhighted area to the
"Detire Atmospheric Conditions line and press RETURN. or press the "A" key twice.

8.1 Overview of the ""Define Atmospheric Conditions' Option

In BACKSCAT. the state of the atmosphere is described with a “propagation profile”
which charactenizes the atmosphere 1n terms ot basic parameters required by the lidar equation.
The parameters include protiles ot aerosol and molecular attenuation at the lidar wavelength and.
it applicable. at the Ram. n wavelength. For coherent Doppler simulations. the wind tield 1s also
included. A propagation nrofile can either be provided by the user as an input file or it can be
calculated by BACKSCA I using a built-in library ot aerosol. molecular. and wind field models.
For reterence. Appendix A contains a description of the propagation profile for each tvpe of lidar
system.

In the "Define Atmospheric Conditions” option. the user can select the source of the
propagation profile and based on this selection. specity or change the associated filerumes.
modeling options. atmospheric parameters. and other optional features in BACKSCAT. The
lavout of the "Detine Atmosphenic Conditions™ option depends on the source ot the propagation
profile (user-defined or built-in inodels) and the type of lidar being simulated (aerosol backscatter.
Raman scattering. or coherent Doppler). An example of an Atmospheric Conditions Subment 1
shown in Figure 45. The top portion ot the submenu gives general information about the current
atmospheric conditions. The bottom portion ot the submenu displays a list ot available opuons.

The following sections describe how to use the "Define Atmospheric Condiiions” option.
For acrosol backscatter and coherent Doppler systems. the loyout and tlow through the "Detine
Atmospheric Conditions” option are the same. except wind tield information 1s added for coheren:
Doppler systems. The available opucens are summarized in Table 16. Table 17 summanzes the
available options tor Raman scattening systems.




CURRENT ATMOSPHERIC COMDITIONS:
Propagation Profile Source: BJILT-IN AEROSOL MODELS
ftmospheric Model Paremeters File [ .ATM]:
Output Propaga”ion Profile File [ .PFL1: DEFAULTY
Rayleigh Scattzring Based on: TROPICAL. Rtmosphere
User-Def ined Aerosol Layer Added: NO

& Cliange Propagation Profile Source S
: Chalgb h-optgntion Prd!‘ilt .Jilé ;}j'

: .._}pec-i'fg lhgiemh Sunttarmg - »

! Add/Chaiige User—Def ined . ferosol ﬂnuei‘ ¢
= ?}ete Usor-Def ined. ﬂerosol' Layer'-' T
A 8 % & : Me :

.v "RETURN to .e'cccpt. oui nu.

Figure 45. Atmosphernic Condiuoas Submenu When the Simulation Is For an Aerosol Backscatter
Svstem and the Source of the Propagauorn Protile Is the Butlt-In Aerosol Models

Table 16. Available Options in the Aunosphenic Conditions Submenu tor Aerosol dackscauer and
Coherent Doppler Lidar £vstems

BUILT-IN USER-SUPPLIED
SUBMENU OFTION ‘ MODELS PROFILE
Change propagation protile source Yes Yes
CChange propagaton protile file Yes' Yes®
Edit built-in (aerosol) model paramerers Yes No
Specity Rayleigh scattening/wind field Yes Yes
Add/change user-detined acrosol laver Yeg No
Delete user-defined aerosol layer Yes No
Exitto Main Menu Yes Yes

I Output tile contamning propagation profile (based on buili-in models)

2 Input tile contaming propagation protile to be used mn simulution
3. Wind field included tor coherent Doppler svstems only




Tuble 17, Avatlable Options in the Atmospheric Conaitions Submenu for Raman Scattering
Systems

~—— LV T

RUILT-IN USER-SUPPLIED
 BACKSCAT OPTION MODELS PROFILE
Change propagauon protile source Yes Yes
Change propagauon protile file Yes' Yes®
Edit butlt-in taerosol) model parameters Yes No
Change Rayleigh scattering source Yes Yes'
faclude Rayleigh scattering Yes Yes
Change molecule to key on Yes Yes
Change molecular concentration source Yes Yes
Change molecular concentration tile Yes' Yes
Exit to Main Menu Yes Yes

I: Output file containing Raman propagaton protiie (Raman molecular conicentration profile,
plus aerosol and molecular attenuation coetticients)

2: Input tile containing Raman molecular concencration protile. and eptional aerosol and
molecular artenuauon coetticients

3: Only when input file does not contain aerosol and molecular attenuauon coetticients

8.2 Atmospheric Conditions Submenu for Aerosol Backscatter and Coherent Doppler
Simulations

In BACKSCAT. the detault mode uses built-in models ot aerosol. molecular. and wind
protiles as the source ot the propagation profile. For these simulations. the Aunosphenc
Conditions Submenu tor aerosol backscatter systems was shown in Figure 45. Figure 46 shows
the same Atmospheric Conditons Submenu tor coherent Doppler systems. Note that the only
differences are reterences to wind field data and the propagation profiles have .«dnf extensions.
When the source of the propagation protile is a user-supplied input file. BACKSCAT displays the
Atmosphenc Condiuons Submenu shown in Figure 47.

8.2.1 Change Propagation Profile Source

In Figures 45 and 46, the first option sets the source of the propagation profile. The two
options are the built-in models and @ user-supplied input tile. This option cun be selected at
anytime during an editing session. When this option is selected. BACKSCAT displays the
"popup” menu shown mn Figure 48 To make a seiection. move the highhighted area 1o the desired
chowee and press RETURN. To return to tne Atmospheric Conditions Submenu without making a
selection. it ESC.
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Freure 46 Atmospherie Conditions Submenu When the Simulation [s For a Coherent Doppler
Svstem and the Source ot the Propacaton Profile s the Built-In Acresol Models

RSCAT — Aerosol Backecatior S

CURREMT ATMOSPHERIC CONMDITIONS:
Propagation Prof ile 3ource: USER SUPPLIED DATA
Input Propecation Profile File [ .PFL]1: DEFAULT
Rayleigh Scattering Included

tion Profile Source

i Charge Propaga
I CMMF Propagation ‘Prof ile Jile
i Do Mat Include u,aglelgh Scattcx-ing )

A,V, nzmm to execu..e/nccept. ESC to Preulous Henu

Freure 47 Atmosphence Conditions Submenu When the Stmulation Is For an Acrosol Backscatter
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CURRENTY ATHGSPHERIC CONDITIONS:
Propagation Profile Source: BUILT-IN AEROSUL MODELS
fitroypheric Model Parancters File [ .ATH]:
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Figure 48. BACKSCAT "Popup” Menu for Changing the Source of a Propagation Profile for
Aerosol Backscatter Svstems. For coherent Doppler systems. the “popup”™ menu includes
reterences to wind field data

If the "User Supplied Data" option is selected. BACKSCAT prompts the user for
propagation proiile file for the simulation. To aid the user. the code displays a "popup” menu that
lists the propagation profile files in the current working directory. For aerosol backscatter
systemns. these files have a .pfl extension. For coherent Doppler systems. these files have a .dpf
extension. An example is shown in Figure 49. Move the cussor to the desired propagation profile
file and hit RETURN. (Note that the user must properly format the propagation protile file. see
Appendix A}. To exit this menu and not select a propagation profile file. hit ESC. If no file 15
selected. BACKSCAT uses the built-in aeroso’ models as the source of the propagation profile. If
no propagaiion profiles exist i the current working directory, the code issues a warmning message
and returns to the Atmospnenc Conditions Submenu. Here. the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>